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ABSTRACT
A study of tumbleweeds in North Dakota, conducted from June, 1964 
to October, 1968, was concentrated on two common species: Psoralea 
arqophvlla Pursh (silver leaf psoralea) and Kochia scoparia (L.) 
Schrader (kochia). The objectives were to determine the internal or 
external factors regulating stem abscission, and to describe the niche 
of each species through the ecological life history approach. Anat­
omical and histochemical studies were conducted on the basal portions 
of stems at various stages of plant maturity. Ecological life history 
aspects of silver leaf psoralea were studied both in the field and 
under controlled environmental conditions, while those of kochia were 
studied in the field only.
Silver leaf psoralea, a leguminous plant, is the most common of 
the native perennial tumbleweeds of North Dakota, and is a major forb 
in moderately grazed native prairies dominated by the later-maturing 
grasses. It was of less importance in heavily mulched native prairies 
containing a greater proportion of early-maturing grasses, and was 
absent or uncommon in overgrazed prairies. In native ungrazed prairies, 
silver leaf psoralea increases under moderate-grazing and decreases 
under over-grazing. Adaptive characteristics which enable this species 
to thrive in certain native grasslands, particularly those moderately 
grazed, include the following: (l) basal lateral buds, which may 
initiate new shoots after the apex of the primary shoot has been
ix
destroyed; (2) deep root system and large tap root for storage of food 
reserves; (3) dormancy of roots during periods of physiological stress 
(late summer and drought periods); (4) partially unpalatable foliage, 
which is expanded over the tops of the shorter grasses, thus enabling 
the plant to avoid shading; and (5) initiation of extensive lateral 
roots through which vegetative reproduction occurs.
Abscission in Psoralea argophylla is a chemical process. In a 
single plant it proceeded through one or more basal intercalary meri- 
stems located at or near soil level. During senescence a separation 
layer differentiated within each of these meristems. Within the com­
pound middle lamella of cells constituting the separation layer, in­
soluble pectic substances were converted into soluble forms. Sep­
aration of cells occurred only after removal of the pectic compounds, 
meristematic activity, and attenuation of the cell walls. Following 
abscission a protective layer is formed some distance underground at 
the stem-root junction. Although the plant may be blown for consid­
erable distances from its root, it is not normally an effective tumble­
weed because of the absence or paucity of disseminules.
Kochia scoparia, a member of the Chenopodiaceae, is the most ubiq­
uitous of the annual tumbleweeds of North Dakota, and is a serious 
weed in certain areas. Aside from the tumbleweed habit, adaptive fea­
tures which contribute to its success in disturbed habitats include:
Cl) the rapid growth rate and large size; (2) tolerance to a wide 
variety of edaphic conditions, including drought- and salt-affected 
soils; (3) the extensive root system; and (4) tolerance to many weed 
control methods.
In contrast to silver leaf psoralea, abscission in kochia is a
x
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mechanical process. During senescence the wpody plant axis becomes 
dehydrated, and soil-inhabiting fungi (Rhizoctonia sp.) usually invade 
the structurally weak abscission zone tissues, causing incipient decay. 
The tissues become brash, however, primarily as a result of the former 
process. When the bushy plants are bent by a wind of 25-30 mph, 
stresses of considerable magnitude are exerted upon the abscission zone 
at the base of the stem. The initiation of abscission depends largely 
upon the forces exerted by the wind and extent of desiccation of the 
plant axis; however, the magnitude of the force may be reduced approxi­
mately 50% in plants which have undergone decay for several weeks.
The abscised plant may be blown intact for several miles scattering 





Most plants regularly shed leaves, fruits, and flowers through 
abscission which is a natural process by which organs or parts of organs 
are shed through a structural or functional adaptation. This adaptation 
may be entirely structural and consist only of a weakened region at the 
base of the plant organ (abscission zone), or may be both structural 
and functional when a separation layer differentiates within the ab­
scission zone. In plants known as tumbleweeds, the entire plant body 
or only the infructescence becomes detached from the root or stem, 
and seeds are dispersed as the plant rolls before the wind. Abscission 
proceeds through a structurally modified basal portion of the stem.
Abscission may occur by either mechanical or metabolic processes. 
Mechanical stresses cause abscission by the rupture of cells in a 
weakened region, and may be brought about by external agencies such as 
wind, waves, or gravity, or by internal stresses resulting from desic­
cation, turgor, or hygroscopic movements. The shedding of bark 
(Pfeiffer, 1928), guayule leaves (Addicott, 1945), needles of various 
conifers (Campbell and Vines, 1938; Facey, 1956), and capsule dehis­
cence (Holden, 1952) have been attributed to mechanical stresses. 
Abscission is under metabolic control when dissolution of the middle 
lamella or cell walls occurs within the separation layer. This in­
ternally regulated type of abscission, however, is hastened or de­
layed by external factors such as oxygen and carbon dioxide content
- 1 -
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of the air, soil water and nutrients, temperature, light, various 
chemicals, and injuries to the plant (Addicott and Lynch, 1955). It 
is known that chemical abscission is preceded by the conversion of 
insoluble pectic compounds into soluble forms (McCown, 1943; Facey,
1950; Sifton, 1965), which causes softening of the cell walls and ulti­
mate removal of the middle lamella. The factors causing these changes 
are poorly understood, but it has been demonstrated by numerous in­
vestigators that leaf abscission, either directly or indirectly, is 
controlled by hormones found in the leaves (Myers, 1940; Gawadi and 
Avery, 1950; Addicott and Lynch, 1955; Biggs and Leopold, 1957, 1958). 
Jacobs and co-workers (1955, 1958, 1964) have correlated the amount of 
auxin in Coleus leaves with abscission, and found that low levels were 
associated with senescent leaves and abscission, while high levels were 
associated with young, healthy leaves. Osborne (1958) suggested that 
accumulation of pectin in the abscission zone of senescent leaves re­
sults from the reduced activity of pectinmethylesterase (PME), an en­
zyme which prevents the formation of pectin. Yager (i960) correlated 
auxin levels with activity of various pectic enzymes. High levels of 
auxin were found to maintain a high level of PME activity in the ab­
scission zone. This would then prevent the accumulation of pectin. 
Conversely, a low level of auxin decreased PME activity, which would 
favor the accumulation of soluble pectin in the abscission zone of 
senescent leaves.
Substances isolated from aging plant organs are also known to 
affect abscission. Chemical extracts from bean leaves (Rubenstein and 
Leopold, 1962) and mature cotton fruits (Liu and Cams, 1961; Cams, 1966) 
tend to accelerate abscission greatly. Thus, it is possible that both
3 -
inhibitory substances found in young organs, and stimulatory sub­
stances from old organs, function in abscission.
There is a dearth of information about stem abscission, and the 
approach has been morphological rather than causal. Eames and Mac- 
Daniels (1947) discussed abscission of Populus branches and Salix 
twigs, and Pfeiffer (1928) that of branches and twigs in several other 
woody species. Bornman, et al., (1968) described stem abscission which 
occurred at the base of the first internode in Gossypium hirsutum.
This was induced by gibberellic acid treatment, however, and does not 
occur naturally. There is even less information on stem abscission in 
tumbleweeds. Todd (1883), Hopkins (1951), and Weaver (1954) have all 
referred to an internal mechanism causing abscission in Psoralea argo- 
phylla. without describing the process. Kerner and Oliver (1902) men­
tioned that decay of the stem bases occurs in several species of tumble­
weeds in Southern Russia, among them Salsola kali. Stevens (1943), how­
ever, stated that the main factors in abscission of Salsola kali in 
North Dakota were the wind and brittle stem. The same factors were also 
listed as causing abscission in Gypsophila paniculata (Darwent and Coup­
land, 1966).
There is also a paucity of information about the ecology and life 
history of tumbleweeds. A short paper concerning the infestation and 
control of Salsola kali in grain fields in the United States was pub­
lished by Dewey (1893), and a paper on its life history by Stevens 
(1943). Some ecological aspects of Sisymbrium altissimum were studied 
by Dewey (1896). Pratt (1917) studied the anatomy of the root, stem, 
and leaves of Cycloloma atriplicifolium, but did not consider the ab­
scission zone. Van Asdall and Olmsted (1963) studied ecological
aspects of Corispermum hyssopifolium in the sand dunes of Lake Michigan, 
but did not refer to its tumbleweed habit. A life history study of 
Gypsophila paniculata was conducted by Darwent and Coupland (1966).
The apparent lack of information on tumbleweeds led to the initi­
ation of the present study. The primary objective was to investigate 
the mode of stem abscission. A secondary objective was to collect in­
formation about the ecological life histories of Kochia scoparia (L.) 
Schrad. and Psoralea argophylla Pursh through field, laboratory, and 
library studies. In the latter the effect of grazing and clipping was 
investigated in detail. Kochia scoparia is the most common of the 
weedy, annual tumbleweeds of cultivated fields and waste places, while 
Psoralea argophylla is the most common of the native, perennial tumble­
weeds of grasslands.
STUDY AREAS
A reconnaissance was made of 20 North Dakota counties during the 
summer and fall of 1966 to observe the distribution and abscission of 
tumbleweeds (Fig. 1). Since these counties extended from the eastern 
to the southwestern portion of the state, a brief physical and biotic 
description of this region will be presented.
Physiography
Three physiographic regions occur in North Dakotas the Red River 
Valley, Drift Plain, and Missouri Plateau (Leonard, 1930). Elevations 
vary from 800-1000 ft in the Red River Valley, 1400-1600 ft on the 
Drift Plain, and 2000-3200 ft on the Missouri Plateau. Relief in the 
Red River Valley and Drift Plain is generally low and drainage poorly 
developed. The latter region has a characteristic knob and kettle 
landscape. Relief is generally greater on the Missouri Plateau, par­
ticularly in areas of end- or dead-ice moraine or in the Badlands. 
Drainage is particularly well developed south and west of the Missouri 
River, which has largely escaped glaciation.
Soils
Chernozems and Humic-Gleys, predominantly silt and clay loams, 
constitute the major soils of the Red River Valley. Extensive areas 
of gravelly or sandy soils, often with poorly developed profiles, are 
found on the lake beaches and deltas bordering the Red River Valley. 
They are common on the Sheyenne Delta in Ransom and Richland Counties
O '
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Fig. 1. Counties of North Dakota included in the
n rhe Study of Tumbleweeds
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where extensive areas of sand hills exist. Saline Solonchak soils are 
found in areas with high water tables on nearly level topography. They 
occupy extensive portions of Grand Forks, Walsh, and Pembina Counties.
Chernozems, predominantly loams, constitute the major soils of 
the Drift Plain; however, extensive areas of CaC03 Solonchaks are also 
found, particularly in heavier soils on slightly lower topographic sites. 
Saline Solonchaks or Solonetz (salt-affected) soils are locally common, 
especially at the bases of slopes or around depressions. Gravelly or 
sandy soils are locally common surrounding kettles, and on inter-block 
fillings, kames, eskers, and glacial melt water channels.
The dominant zonal soils of the Missouri Plateau are the Chest­
nuts. Loams are the most common textural type on the glaciated portion, 
while residual, silt loams dominate the unglaciated portion. Extensive 
areas of sandy soils are found in Kidder and Grant Counties. Clay loam 
soils occupy large portions of Bowman and Slope Counties, where shallow, 
bare depressions are conspicuous on the landscape. This produces a 
pitted microrelief, which indicates the presence of Solodized Solonetz 
(alkali-claypan) soils. In the Badlands the soils are poorly developed 
and highly variable (Anonymous, 1960).
Climate
Eastern North Dakota has a dry, subhumid climate while western 
North Dakota has a semi-arid climate. Mean temperatures in eastern 
North Dakota in July averages 68+2 F, and 69+3 F in western North 
Dakota. Mean annual evaporation from an evaporation tank ranges from 
near 28 inches in the NE portion of the state, to 35 inches in the 
central portion, to 47 inches in the SW portion (McClelland, et al.,
- 8 -
1959; Mogen, et al., 1959). Average annual precipitation values range 
from 18.21 inches at Valley City (Barnes County),17.57 inches at Steele 
(Kidder County), 15.94 inches at Mandan (Morton County), to 15.87 inches 
at Amidon (Slope County [u.S. Weather Bureau, I960]).
Vegetation
According to Weaver and Clements (1938) two major grassland 
associations are found in North Dakotas True Prairie and Mixed Prairie. 
Whitman (1963) recognized three general grassland types in North Dakota: 
(1) the True Prairie, located in the Red River Valley and dominated by 
tall grasses; (2) a transitional grassland in the central portion of 
the state, dominated by mid grasses; and (3) the Mixed Prairie found on 
the Missouri Plateau, dominated by mid and short grasses.
Study Areas of Psoralea arqophylla
The Turtle River State Park and Barnes County study areas, where 
phenological observations and collections of stem material were made, 
have been described previously (Becker, 1965). Ecological observations 
were conducted throughout the 20 county study area. In the grazing 
investigation, native pastures and ungrazed prairies were selected in 
Barnes County, which might best be considered as the western edge of 
True Prairie. Native pastures and ungrazed prairies also were sel­
ected from several counties in the Mixed Prairie region (Billings, 
Bowman, Burleigh, Hettinger, Kidder, Morton, and Slope [Fig. 2]).
Most of the grazing study, however, was conducted at the Northern Great 
Plains Field Station, an area of about 640 acres (Sec. 16, T. 138 N.,
R. 61 W.), located approximately three and one-half miles south of 
Mandan. The soils, topography, and vegetation of most of this area are
Fig. 2 General Locations of native Pastures and ungrazed Prairies in North Dakota
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relatively uniform. Sarvis (1920) indicated that the basal cover of 
the major grasses was as follows: Bouteloua gracilis (35-45$ ,  stipa 
comata (10$, Aqropyron smithii (5-8$, and Carex filifoiia (3.8$. 
Psoralea arqophylla was one of the major forbs, and was distributed 
as widely spaced individuals prior to 1916 when the grazing study 
began. At that time a variable system of stocking rates was established 
(Sarvis, 1923), and has continued to the present. Currently the field 
station is subdivided into many pastures (Fig. 3), each assigned a sep­
arate number. Heavily grazed (no. 33, 34, and 48), moderately grazed 
(no. 16, 13, 36, and 43), and lightly grazed (no. 37 and 39) pastures 
were studied (Rogler, et al., 1962). Heavily grazed pastures are those 
in which the entire forage crop is removed each year. In moderately 
grazed pastures approximately one-half of the forage is left each year, 
while in lightly grazed pastures most of the forage crop is left. 
Pastures which had been sprayed with herbicides or given fertilizer 
treatments (no. 14, 15, 17, 18, 46, and 47) were excluded from this 
study. Other areas studied were the ungrazed prairie (since 1916), 
and the exclosures within pastures no. 13, 16, and 43. The exclosure 
within the no. 43 pasture was constructed in 1916, the others in 1958.
Study Areas of Kochia scoparia
In 1966, most observations of the ecological aspects of abscission 
were made at one site in Grand Forks County, herein designated as the 
Knutson field (Sec. 15, T. 152 N., R. 51 W.). This field was sown with 
a mixture of wheatgrass (Aaroovron trachycaulum), alfalfa (Medicago 
sativa, and brome grass (Bromus inermis) in June of 1966 and then
left undisturbed. The cover crop either failed to emerge or developed
11-
After Rogler, et ah, (1962)
Fig- 3 - -  Grazing Studies at the U-S. Northern Great Plains Field 
Station, Mandan, North Dakota.
Exclosures; 13, 16, 43.
Ungrazed prairie
Fertilized and clipped native plots within 13
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poorly in most areas because of excessive soil salts, and isolated 
weeds became established on the bare areas. Plants of Kochia scoparia. 
Sal sola kali, and Atriplex argentea became very large and bushy, and 
exhibited the typical tumbleweed growth form.
In 1967 studies of K. scoparia were conducted on two level mid­
prairie and two low-prairie sites on fallow land in Barnes County 
(Sec. 11 and 12, T. 142 N., R. 60 W.). One of the upland sites was on 
loam soil (Sec. 12), while the other was on sandy loam soil (Sec. 11). 
The topsoil of these sites remained dry from June through July. The 
sandy loam to loam soils of the low-prairie sites (Sec. 11) were moist 
and salt-affected throughout the growing season. A reconnaissance was 
conducted in several parts of Grand Forks County to observe K. scoparia 
stands found on soils ranging from saline and moist, to those non-saline 
and dry. Detailed studies were made at an abandoned gravel pit near 
Emerado (Sec. 18, T. 150 N., R. 52 W.), the Knutson field, and a cul­
tivated field (Sec. 3, T. 151 N., R. 52 W.), herein designated as the 
Anderson field. In the gravel pit the substrate was gravelly to sandy, 
free of excessive salts, and dry throughout most of the growing season. 
The Knutson field was undisturbed since June, 1966, and during the sum­
mer of 1967 dense stands of K. scoparia, S. kali, B. inermis, and M. 
sativa dominated the site. Only a few bare portions of the field 
supported isolated K. scoparia plants. The Anderson field had been 
sown to flax (Linum usitatissimum) in mid-June, but the crop failed 
to develop properly because of excessive soil salts; hence plants of 
K. scoparia became large and bushy.
METHODS
Psoralea argophvlla
The effect of grazing on clumps or uniform stands of silver leaf 
psoralea within grassland communities was studied by comparing five 
native pastures and five ungrazed prairies. The clumps of silver leaf 
psoralea plants are herein referred to as societies and not colonies, 
because it could not be determined if all individuals in a single clump 
were organically connected. At each of these sites, a line transect 
(10 m long) was placed across a representative stand or society, and 
basal cover was determined for grasses and crown cover for forbs. 
Average actual density at each site was determined by randomly placing 
quadrats (0.25 m ) in 8-20 typical societies or portions of the stand. 
In Barnes County two moderately grazed pastures and two adjacent un­
grazed sites were selected, while at Mandan a moderately grazed pasture 
and two adjacent ungrazed sites were selected. In Western North Dakota 
an ungrazed site in Billings County, a moderately grazed sheep pasture 
(Slope County), and a moderately grazed cattle pasture (Bovman County) 
were selected.
To investigate further the effect of grazing intensity and type 
of grazing animal on aggregation and density of this species, 24 other 
native pastures were studied. Eight were cattle pastures at Mandan, 
while the remainder were cattle and sheep pastures in Slope, Hettinger, 
Kidder, Burleigh, and Barnes Counties. In this study the presence
13'
— * ssaophylla and information on land use were the only criteria 
used in site selection. Records of the stocking rate at Mandan have 
been kept since 1916, and the local land owner was consulted about the 
grazing history of the other pastures. Sites were avoided which had 
been mowed, overgrazed, or cultivated in the past. Grazing intensity 
was determined by the following formula, modified after Harlan (1956)s
No. of acres 150 days
Grazing Intensity =
A sample calculations







= ------= 6.35 acres/animal unit
2,400
A mature cow and calf were considered the grazing equivalent of one 
animal unit (AU), while a mature sheep, yearling steer, and horse were 
considered as the grazing equivalent of .2, .6, and 1.25 AU respectively 
(Harlan, 1956). The normal grazing season in North Dakota was estimated 
by Sarvis (1923) to be 150 days.
Observations on the effect of clipping and commercial fertilizers 
on P. arqoohvlla were made on 192 plots in the summer of 1966. These 
plots (each 6 ft X 20 ft) were established and fenced from adjacent 
pastures by the field station staff at Mandan. Since 1958 some plots 
were clipped only once yearly at one or two inches above the ground 
either on 1 July, 15 July, or 1 August. Most plots were clipped twice 
yearly, and the first cutting occurred either on 1 May, 16 May, 1 June, 
or 15 June, while the second cutting took place only on 1 August. A 
few plots were clipped three times yearly on 1 June, 1 July, and 1 Aug­
ust. Thirty of the 192 plots had not received fertilizer treatment,
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while the remainder received applications of nitrogen, phosphate, or 
both. Nitrogen was applied alone at rates of 40, 80, or 160 lb./acre, 
phosphate alone at 40 or 80 lb./acre. If combined applications were 
made, 80 and 160 lb. of nitrogen, respectively, were applied with either 
40 or 80 lb. of phosphate (Table 4).
Approximate identification of soil types was made at each site. 
Detailed studies of soils were made only in the Turtle River State 
Park study area to determine if the distribution of the societies could 
be related to the soil type. Here, soil profiles were described and a 
standard pipette method (N. D. Geol. Surv. Proc. A-65) was used to con­
duct a texture analysis of samples from the C-horizon.
Roots were collected for dormancy studies from the Barnes County 
and Turtle River State Park study areas during 20-24 September, 1965, 
and were stored in moist soil in a greenhouse (Biol. Dept., UND) until 
19 October, 1965. At this time 12 were placed in moist soil in a re­
frigerator at 34-36 F, 9 in a Percival Growth Chamber (Model MB-54), 
and 12 remained in the greenhouse. All roots were placed in pots filled 
with black loam soil unless stated otherwise. Conditions in the growth 
chamber were designed to simulate summer conditions in North Dakota.
The photoperiod consisted of the simultaneous application of 17 hr of 
fluorescent and 16 hr of incandescent light. A longer period of the 
former was given to simulate pre-dawn and post-sunset light. Light 
intensity at plant level was maintained between 950-1150 ft-c as meas­
ured by a Weston light meter (Model 756). Day temperature was 78-80 F 
between six am to six pm, and night temperature was 48-50 F. Relative 
humidity was maintained between 30-50$, and the plants were watered 
daily, When the roots kept in the greenhouse and growth chamber failed
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to respond, 1% gibberrellic acid (GAA) in lanolin was applied to the 
upper buds of eight of these on 23 November, 1965. Because of poor 
response, two other untreated roots were soaked in 0.5% aqueous GAA, 
one for eight hr, and the other for four hr, and were placed in the 
growth chamber. Four roots (73-day cold treatment) and three roots 
(108-day cold treatment) were placed in the growth chamber on 1 January, 
1966, and 3 February, 1967, respectively. Six were grown in black loam 
soil and one in medium-textured sand. Observations of the GAA- and 
cold-treated plants continued until the experiment ended on 1 June, 1966.
Seeds, collected during September, 1963 from the Barnes County 
study area, were utilized for germination studies during the fall of 
1965. They were divided into three groups of 25 seeds each. The first 
group served as controls, the second was soaked in concentrated H2S04 
for one-half hr, and in the third group the hilum portion of the seed 
coat was punctured. Seeds were placed in petri dishes lined with moist 
filter paper, and were germinated in the dark at room temperature.
Studies of seedlings began on 1 January, 1966, when 25 germinating 
seeds were planted. After emergence they were placed in a growth cham­
ber under the same conditions as described above except that light in­
tensity at seedling level was considerably lower (750-950 ft-c). Plants 
were sprayed occasionally with a commercial preparation (Antrol) for 
mite control.
Stems were collected for abscission studies at weekly intervals 
from early-June to late-September at the Turtle River State Park and 
Barnes County study areas during 1963-1966. At these sites phenological 
observations were made during the period 1963-1967.
Freehand-sections of fresh tissue and tissue preserved in 70%
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ethanol were tested for cellulose, starch, suberin, and lignin accord­
ing to methods of Johansen (1940). Pectic materials were detected by 
the ruthenium red (Johansen, 1940) and ferric chloride-hydroxyl amine 
methods (Reeve, 1959) in conjunction with solubility tests based on the 
methods of Facey (1950). Pectic acid was extracted with 2%  NH40H, and 
the insoluble pectic material with 1% HC1, followed by 2%  NH40H. Hot 
water was used to test the state or form of pectin. Length of all 
solubility treatments was two hr at a temperature of 80 C. Material 
for anatomical studies was dehydrated and embedded according to the 
standard paraffin techniques of Johansen (1940). Material was sec­
tioned on a rotary microtome at lO-15/i, and stained with a safranin- 
fast green combination (Johansen, 1940). Microphotographs were taken 
of temporary mounts at magnifications of 100 X, and macrophotographs 
were taken with a Kodak Star Tech camera fitted with a close-up lens.
Kochia scoparia
Quantitative studies of K. scoparia were not conducted because 
it was associated with nearly every weed or cultivated plant in dis­
turbed areas.
For abscission studies material was collected largely during the 
fall of 1966 at the Knutson field. In 1967, however, material was col­
lected at several additional sites in Grand Forks and Barnes Counties. 
Intact stems were collected at weekly intervals from 15 July to 1 Oct­
ober during 1967 on several dry upland and moist lowland sites. Intact 
or abscised stems were either dried at room temperature to a 4-6% 
moisture level, stored in 10% ethanol, or stored in a freezer. The 
microchemical tests used to study abscission were similar to those
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descnbed for P. argophylla. The phloroglucinol-HCl test for lignin, 
however, was supplemented by the chlorine-sulfite method (Siegel, 1953), 
and a wood microtome was used to section fresh tissue or that which had 
been stored in 70% ethanol. Fungi in infected tissue were distinguished 
by the use of a cotton blue solution. The formula (courtesy of G. C. 
Wheeler) is prepared as follows:
20 g phenol crystals, 16 ml lactic acid, 32 ml glycerine,
20 ml H2O, and 0.05 g of cotton blue powder
Fungi were cultured by placing thin slices of infected tissue on Sab- 
ouraud agar in culture dishes at a pH of 6.0, which were maintained in 
the dark at room temperature.
Specific gravity was determined from sections 2.5 cm long taken 
from the abscission zone, and from immediately adjacent portions of the 
root and stem. Specific gravity or density was determined by the fol­
lowing formula:
wt. of a substance 
wt. of equal vol. of H20
The volume of each section of the plant axis was determined by dis­
placement of water and sections were weighed after oven drying at 
100-105 F for 24 hr.
An attempt was made to prevent fungi from entering the abscission 
zone of K. scoparia plants in the field during the summer of 1967.
Pre- or post-emergent applications of a soil fungicide (Terrachlor), 
and a fumigant (formaldehyde) were made on approximately 100 plots on 
two upland and two lowland sites in Barnes County. Terrachlor was 
applied either as a powder or drench at rates varying from 0.01-0.25
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oz/ft2 of soil, while formaldehyde was applied at rates varying from 
1.5-45.0 ml/ft2 of soil. In some plots Terrachlor was mixed into the 
upper three inches of soil in powder form, while in the other plots the 
upper four-six inches of soil were drenched with solutions of Terrachlor 
or formaldehyde.
A study of the mechanical properties of K. scoparia stems was con­
ducted in the field and in the laboratory. The strength of 10 green 
plants was compared to that of 10 apparently dry plants on 2 October, 
1968 at a salt-affected, lowland site. A spring scale was attached to 
the plant at the 1 ft-level, and an increasing force perpendicular to 
the plant axis was exerted on alternate sides until the stem snapped.
The amount of energy absorbed by the plant stem in ft-lb. was recorded, 
and diameter of the abscission zone measured. Basal area was then cal­
culated and the energy absorbed by each plant was expressed in force- 
moments/basal area (ft lb/in2). In October, 98 apparently dry, intact 
plants at the Anderson and Knutson fields were tested for strength 
properties by the same method. In the laboratory a study of mechani­
cal properties of dried, green stems collected at several different 
sites was conducted also, but the root was anchored by a vise rather 
than by the soil.
A rough estimate of the amount of force created by the wind on 
isolated plants during October, 1967 was determined by exerting suf­
ficient force to keep the plant vertical to the wind. A 1-ft force 
arm and a spring scale once again were used.
TAXONOMY AND DISTRIBUTION OF TUMBLEWEEDS
On a world-wide basis Good (1958), Ridley (1930), and Polunin 
(i960) indicated that tumbleweeds are most common in deserts, grass­
lands, seacoasts, or other situations characterized by level topography 
and high surface winds. Many plants become tumbleweeds if the plant 
is accidentally detached from the root, and is transported by the wind. 
This study, however, is restricted to those plants which regularly 
become detached and are blown about. Pound and Clements (1900) recog­
nized two basic types of tumbleweedss (l) typical tumbleweeds, in 
which the entire plant becomes detached, and (2) tumblegrasses, in 
which only the inflorescence becomes detached. Regardless of type, 
most tumbleweeds are characterized bys (l) a rounded growth form;
(2) a widespread and dense pattern of branching* and (3) a structural 
or functional adaptation contributing to, or causing abscission. In 
addition, the majority of tumbleweeds produce large numbers of seeds 
which lack special adaptations for dispersal. Psoralea argophylla, 
however, produces relatively few or no seeds, while several species of 
the Chenopodiaceae, particularly Corispermum hyssopifolium, possess 
winged fruits which may be dispersed to some extent by wind blowing 
across smooth surfaces such as snow or sand (Van Asdall and Olmsted, 
1963). Pound and Clements (1900) observed that of 10 species of tumble­
weeds found in Nebraska, not one had fruits adapted for wind dispersal.
Diverse modes of disseminule dispersal, such as the tumbleweed 
habit, would be expected to occur more frequently among the terrestrial,
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herbaceous seed plants (angiosperms) than among the terrestrial, 
herbaceous spore-producing plants (ferns, horsetails, lycopods, mosses, 
fungi, and lichens). The light spores of the latter can easily be 
buoyed over long distances by air currents, while in general the heav­
ier seeds of the former must be dispersed by other means. Most tumble­
weeds, indeed, are herbaceous angiosperms. A few lycopods (Ridley,
1930) and some mosses and lichens (Polunin, 1960), however, have been 
reported as tumbleweeds. The tumbleweed habit has developed in rather 
diverse families of the angiosperms, and is reportedly a recent adapta-
a  h .
tionAseed dispersal (Davis and Heywood, 1962). Among the dicotyledoneae 
it is most extensively developed in species of the Chenopodiaceae (10), 
those of the Fabaceae (8), and those of the Compositae and Cruciferae 
(5 each). In the monocotyledoneae it is found only in the Gramineae, 
in which 11 species reportedly are tumbleweeds. Available information 
indicates that the entire plant is abscised in members of the Cruciferae 
and Chenopodiaceae5 however in members of the Gramineae and most of the 
Compositae, only the, inflorescence is abscised.
Table 1 lists all known tumbleweeds of thq world. Information 
was taken primarily from Kerner and Oliver (1902) and Ridley (1930). 
Other sources include Clarke and Fletcher (1923), Pound and Clements 
(1900), Muenscher (1935), Stevens (1950), Weaver (1954; 1958), Polunin 
(1960), and Darwent and Coupland (1966). Field observations in North 
Dakota indicated that five more species, three native and two introduced, 
should be considered tumbleweeds. The former are Atriplex arqentea, 
Corispermum nitidum, and Erysimum asperum, while the latter are Kochia 
scoparia and Salsola collina. Amaranthus qraecizans was listed as a
tumbleweed by Ridley (1930), but this species was not observed to abscise
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in North Dakota. The status of Axyris amarantoides as a tumbleweed 
in North Dakota is also doubtful (0. A. Stevens, oral communication).
Tumbleweeds of North Dakota
While tumbleweeds constitute only a small percentage of the North 
Dakota flora, they are ecological dominants in certain areas, partic­
ularly in waste places, overgrazed pastures, and drought- or salt- 
affected cropland, where competition from native or cultivated species 
is reduced. Perennial species indigenous to the state include Psoralea 
argophylla, Psoralea esculenta. Erysimum asperum. Aqrostis scabra, Era- 
grostis spectabilis, Muhlenbergia asperifolia. and Sitanion hystrix.
The native annuals are Atriplex argentea. Corispermum hyssopifolium. 
Corispermum nitidum, Cycloloma atriplicifolium. Solanum rostratum. and 
Schedonnardus paniculatus. Introduced species are Amaranthus albus, 
Atriplex rosea, Panicum capillare, Axyris amarantoides, Kochia scoparia, 
Salsola kali, Salsola collina, Sisvmbrium altissimum, and Gypsophila 
paniculata. The latter is the only perennial of the latter group.
Since this study was concerned primarily with the native perennial 
(Psoralea argophylla) and an introduced annual (Kochia scoparia), the 
taxonomy and distribution of these species will now be discussed in 
detail. The other tumbleweeds of the state will be discussed later 
within this subsection.
Psoralea argophylla Pursh
Psoralea argophylla is a member of the Fabaceae, which together 
with the Compositae and Gramineae contribute the most species to the 
flora of the prairies and plains of North America. The genus Psoralea, 
a widely distributed taxon, is found chiefly in North and South America,
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Africa, and Australia (Fernald, 1950). Gleason (1952) reported about
150 species of Psoralea of which 35 are known to occur in the United
States. Three species are native to North Dakota: P. argophvlla. P.
esculenta, and P. lanceolata. The genus Psoralea has been described
as follows (Fernald, 1950, p. 896):
Calyx 5-cleft, persistent, the lower lobe longest, 
stamens diadelphous or sometimes monadelphous. Leg­
ume seldom longer than the cal^x, thick, often wrin­
kled, indehiscent, 1-seeded. Perennial herbs, usually 
sprinkled all over or roughened (especially the calyx, 
legumes, etc.) with glandular dots or points. Leaves 
mostly 3-5 foliate. Flowers spicate or racemose, 
white or mostly blue-purplish. Root sometimes tuber­
ous and farinaceous.
The distribution of P. argophvlla in North America was presented
in a map by Fassett (1938), in which the eastward range extended into
Minnesota and Wisconsin, the southward into Missouri and Oklahoma, the
westward into Wyoming, Colorado, and New Mexico, and the northward into
Manitoba, Saskatchewan, and Alberta. The mature aerial shoot has been
described by Fernald (1950, p. 899) as follows:
Silvery silky-white throughout, from creeping rhizomes,
2.5-6 dm high, divergently branched; leaves palmately 
lobed, leaflets elliptic-lanceolate; spike interrupted, 
of 1-3 distant whorls; calyx narrowed to base, its low­
est attenuate lobe 8-10 mm long, twice to thrice as long 
as upper lobes; corolla bluish or purple, scarcely ex­
ceeding longest calyx-lobe; fruit ovoid, silky.
The following synonyms have been listed for P. argophylla
(Britton and Brown, 1897; Hitchcock, et al., 1961):
Psoralea argophvlla (Pursh, FI. Am. Sept. 475, 1814)
Psoralea incana (Name only 1813. Nutt. Fraser Cat.)
(Nutt, Gen. PI. 2: 102, 1818)
Lotodes aroophyllum (Kuntze, Rev. Gen. L: 194, 1891)
Psoralea argophvlla robustior (Bates, Am. Bot. 20: 16, 1914)
NEHHMM■ n a m i
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Pspralidium arqophyllum (Rydberg, N. Am. FI. 24: 16, 1919)
Common names which have been used for this species are silver 
leaf psoralea, silver clover, and silver leaf (Weaver, 1954; Hanson 
and Whitman, 1938; Stevens, 1950). The common name, silver leaf 
psoralea, will be used throughout this discussion.
Studies by Weaver and Fitzpatrick (1934) indicated that silver 
leaf psoralea was a major forb in uplands of eastern Nebraska, south­
ern Minnesota and South Dakota, western Iowa, NW Missouri, and NE 
Kansas. Other studies in eastern (Steiger, 1930) and central Nebraska 
(Hopkins, 1951; Branson, 1952; Weaver and Bruner, 1948) also indicated 
it was common. It was a major forb in grasslands of western South 
Dakota (Weaver and Albertson, 1956), western North Dakota (Hanson and 
Whitman, 1938; Weaver and Albertson, 1956), central North Dakota 
(Sarvis, 1920, 1941), and eastern North Dakota (Dix and Smeins, 1967). 
Studies in other portions of the True Prairie and Mixed Prairie assoc­
iations of the central North American grasslands indicated it was 
either absent, uncommon, or of secondary importance. Thus it was not 
listed among the major forbs of the True Prairie of Oklahoma (Bruner, 
1931) and Missouri (Steyermark, 1962). Curtis and Green (1949) stated 
it was absent or uncommon on 65 prairie relics studied in Wisconsin.
In the Mixed Prairie, in west-central Kansas and Nebraska (Albertson, 
1937; Weaver, I960), it was a secondary forb only in certain grassland 
communities and was absent or uncommon elsewhere. In the Mixed Prairie 
of northern and eastern Colorado (Schantz, 1911; Hanson, 1955), of east1 
ern Wyoming (Lang, 1945), and eastern Montana (Woolfolk, 1949), silver 
leaf psoralea was not listed among either the major or secondary forbs. 
In the Mixed Prairie of Canada it was a secondary forb only in certain
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grasslands, and uncommon elsewhere (Coupland, 1950). Thus, the region 
of maximum abundance of this species appears to be in the Dakotas, 
central and eastern Nebraska, western Iowa and Minnesota, and perhaps 
portions of the grasslands of Manitoba and Saskatchewan.
Kochia scoparia (L.) Schrader
Kochia scoparia is a member of the Chenopodiaceae, a family of
wide geographic distribution in which are grouped many common, annual
weeds. The genus Kochia contains 35 species, most of which are native
to Eurasia. Although three species are native to western North America,
Kochia scoparia was introduced into eastern North America from Europe
(Gleason, 1952; Fernald, 1950). The genus Kochia has been described
by Gleason (1952, p. 94) as follows*
Flowers perfect or pistillate. Calyx minute, subglobose,
5-lobed. Stamens 5, exserted. Ovary depressed; styles 
2 or 3, elongate filiform. Calyx at maturity enclosing 
the fruit, each sepal bearing a horizontal wing. Peri­
carp thin, free. Seed horizontal, flat; embryo forming 
a complete ring. Annual or perennial herbs or shrubs 
with narrow leaves and small flowers sessile in the axils 
of bracts, forming dense, axilliary or terminal spikes.
Kochia scoparia has been described by Gleason (1952, p. 94) as follows*
Annual. Stems erect, bushy-branched, up to 1 m tall, 
usually villous above. Leaves linear to narrowly lance­
olate, sessile, more or less pubescent. Spikes 5-100 mm 
long, villous; bracteal leaves 3-10 mm long. Flowers 
solitary or paired. Calyx at anthesis 0.3 mm long, at 
maturity 2.5 mm wide, star-shaped, each sepal incurved 
over the fruit and bearing a short dorsal wing. Styles 
villous, up to 2 mm long. Seed 1.5 mm wide.
Kochia scoparia is highly variable, and Steyermark (1962) described 
three varieties in Missouri. Those plants characterized by linear, nar­
row leaves, dense branches, and red coloration in autumn were designated 
var. Culta. The other two varieties had broader, more lanceolate leaves,
were not densely branched, and remained green in autumn. The var. 
pubescens was distinguished from var, scoparia by the degree of pub­
escence of the leaves, flowers, and stem. North Dakota material could 
not be placed into the above forms because of conflicting character­
istics. For example, plants which turned red in autumn were not nec­
essarily densely branched, nor did they have linear, narrow leaves. 
Conversely, plants which remained green in autumn frequently were 
densely branched. The following synonyms have been listed for K. 
scoparia (Engler and Prantl, 1924):
Chenopodium scoparia (Linnaeus, Species Plantarum, 221, 1753) 
Kochia scoparia (Schrader, Neues Jour. Bot. 3: 85, 1809)
Kochia alata (Bates, Am. Bot. 24: 52, 1918)
Kochia virgata (Kostel., Ind. Sem. Hort. Prag. 77)
Common names which have been applied to the plant include kochia, 
burning bush, firebush, mexican fireweed, Petit Soldats, and Belvedere 
(Fernald, 1950; Engler and Prantl, 1924). The common name, kochia, 
will, be used throughout this discussion.
Tutin, et _al., (1964) surmised that Kochia scoparia was a native 
only to southern and eastern Russia, but has since become naturalized 
throughout central, eastern, and southern Europe, where it has been 
cultivated as an ornamental because of its dense, pyrimidal form and 
bright red autumn foliage. Fernald (1950) stated that it was originally 
cultivated in northeastern North America and from there spread to the 
west and south. By 1897 it was common in waste places in Ontario, 
Vermont, and northern New York (Britton and Brown, 1897), and in 1935 
it was reportedly widespread and common in the middle western states 
(Muenscher, 1935). This spread may have been hastened by its
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contamination of commercial alfalfa seed (iseley, 1960). Regarding its 
spread in Kansas,Gates (1941) stated:
this saponin-possessing poisonous plant cultivated in 
gardens as an ornamental, together with the narrower, 
more feathery form, K. scoparia var. tricophvlla. has 
run wild in recent years (since 1926) and spread over 
much of the state.
Booth (1941) and Costello (1944), however, studied the vegetation of 
abandoned fields in Kansas, Oklahoma, and NE Colorado, and did not 
list kochia as a component of the weedy vegetation. In 1943 kochia 
was a constituent of the weedy flora in a plowed low prairie in 
Nebraska (Weaver and Darland, 1948), and was utilized by cattle in 
Nebraska pastures at least by 1945 (Darland and Weaver, 1945). In 
the former area, however, it was not as abundant as other annual weeds. 
During the drought of 1952-55 on portions of the Mixed Prairie, it was 
common on overgrazed ranges in SE Colorado (Albertson, Tomanek, and 
Riegel, 1957), and western Kansas (Tomanek, Albertson, and Riegel,
1955). Herbarium records at North Dakota State University indicated 
that kochia was collected at various North Dakota localities during 
the following years: Fargo (1910), Dickinson (1911), Bismarck (1911), 
Kulm (1905), Kramer (1948), and Valley City (1949). A comment on the 
herbarium label from the Valley City specimen indicated that it was 
then common along roadsides in that area. Except for the more recent 
Kramer record, the other specimens were collected near railroad beds; 
thus there is no available herbarium evidence that kochia was exten­
sively naturalized along roadsides, in cultivated fields, and in past­
ures prior to 1948-49. Stevens (1922) published an extensive review 
of important North Dakota weeds, but did not mention kochia. Stevens 
(1946) published another weed report which stated that the plant was
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uncommon in North Dakota until the 1930‘s, when it became common".
During the 1930's, however, the work of Whitman, Hanson, and Peterson 
(1943) on abandoned fields in western North Dakota, and that of Sarvis 
(1941) on drought-affected ranges at Mandan, did not indicate that 
kochia was even present. In eastern Grand Forks County and north­
western Barnes County farmers first observed the weed in the late 1940's 
and early 1950's. I can personally recall that it became troublesome 
and abundant at a date no later than 1954-56. Kochia became a topic of 
conversation because it was difficult to control through existing till­
age and chemical control methods. From the available evidence it seems 
likely that kochia spread considerably during the 1930's; however ex­
tensive areas remained uninfested until the late 1940's and early 
1950's. In 1965-67 it was found in abundance in all cultivated or 
disturbed areas in North Dakota, from the Red River Valley to the 
Badlands. Only a few areas in the Badlands where roads have been re­
cently constructed through native grassland were relatively free of 
the weed.
Other tumbleweeds
Unlike kochia and silver leaf psoralea many tumbleweeds are 
less widely distributed in North Dakota. Cycloloma atriplicifolium 
(winged pigweed) and at least two species of Corispermum (bugseed) 
are confined to sand hill areas of Richland, Ransom, McHenry, and 
Kidder Counties (Stevens, 1950). Solanum rostratum (buffalo bur) was 
found west of the Missouri River in widely scattered localities, but 
is most abundant along roadsides extending through native prairie in
In these isolated grassland areas it is the most commonthe Badlands.
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tumbleweed, and the introduced species of cultivated regions (K. sco- 
joaria, Salsola sp., Amaranthus albus and Sisymbrium altissimum) are 
observed only occasionally. Eragrostis spectabilis (lovegrass) is 
restricted to areas of sandy soils, and has been reported only from 
Cass and McHenry Counties (Stevens, 1950). Gysophila paniculata 
(baby's breath) has been collected in several scattered areas, but 
is reportedly most abundant on sandy soils of Eddy and Foster Counties 
(Stevens, 1964). Atriplex argentea (silverscale) occurred only in a 
few cultivated fields in eastern Grand Forks County, where the soil is 
clayey, saline, and moist. There have been records, however, from simi­
lar soils in the Badlands, and in Barnes and Bottineau Counties.
Many tumbleweeds are more common on sandy or gravelly soils, but 
are not restricted to these sites. Erysimum asperum (western wall 
flower) is more common in native grasslands developed on sandy soils 
than on loamy soils. It is particularly abundant on sandy soils of 
Ransom, Richland, and Kidder Counties. Salsola collina, and to a 
lesser extent, Amaranthus albus (tumbling pigweed) and Sisymbrium al­
tissimum (tumbling mustard) are more common along roadsides and within 
cultivated fields in regions of sandy soils than on finer-textured 
soils. Salsola kali (russian thistle) is nearly as ubiquitous as kochia 
and thrives on soils which vary from coarse-textured and dry, to saline, 
fine-textured, and moist. It is a more important constituent of the 
weedy flora in areas of sandy soils. Like silver leaf psoralea, Psoralea 
esculenta (Indian bread root) is widespread in the native grasslands of 
North Dakota, occurring in every county surveyed. It is not a major 
forb, however, and grows as widely scattered individuals or in small 
groups, usually on dry sites of hilltops or upper slopes. Occasionally,
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it was found on areas of level topography or on lower slopes. Panicum 
capillare (witchgrass) is the most ubiquitous tumblegrass of disturbed 
areas in North Dakota. Like kochia it is observed under a wide variety 
of edaphic conditions, ranging from dry, sandy soils, to moist, clayey, 
saline soils. Muhlenbergia asperifolia (scratchgrass) is probably 
found throughout North Dakota, but is restricted to moist, salt-affected 
soils of native grasslands, where it often grows in dense patches. Two 
tumblegrasses are common in pastures throughout much of North Dakota* 
Schedonnardus paniculatus (tumblegrass) and Aqrostis scabra (tickle- 
grass). They are especially important grasses of heavily grazed sheep 
pastures, but may be found to a lesser degree in cattle pastures. In 
central Nebraska tumblegrass also was reported as abundant in over- 
grazed cattle pastures (Branson, 1952). Other tumbleweeds may invade 
bare areas within heavily grazed or drought-affected pastures. These 
include kochia, russian thistle, buffalo bur, and tumbling mustard 
(Weaver, 1954; 1956} Branson, 1952; Dewey, 1896). Kochia has been re­
ported as a serious weed in rangelands of Kansas and Colorado during 
drought (Albertson, et al., 1957).
The tumbleweed flora changes abruptly with changes of soil tex­
ture in some regions of North Dakota. In Kidder County, where sandy 
soils predominate, the flora is very diverse, and no single species 
dominates the weedy vegetation* Sal sola collina is most common but 
Salsola kali, Amaranthus albus. Sisymbrium altissimum, and Kochia 
scoparia are also present. In adjacent Stutsman and Burleigh Counties, 
dominated by loam soils, kochia is the most common tumbleweed, as it is 
in most areas of the state. A diverse tumbleweed flora, similar to 
that of Kidder County, also exists on sandy soils of the deltas and
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beaches of glacial Lake Agassiz, while kochia predominates in 
adjacent regions on loam and silt-loam soils.
COMMUNITIES
Communities of plants are either subjected to natural disturb­
ances such as fire, wind, flooding, native animals, or to artificial 
disturbances caused directly or indirectly by the activities of man. 
Native communities have developed under the presence of natural dis­
turbances and are at equilibrium with them, while weed communities 
are dependent upon artificial disturbance. Artificially disturbed 
habitats have been classified by Hamel and Dansereau (1949) into three 
broad divisions; (l) "degraded"; (2) "ruderal"; and (3) "cultivated". 
Degraded habitats include prairie or forests used for pastures, cut 
over forests, or second growth grasslands. Ruderal habitats include 
waste areas such as roadsides, railroad yards, city dumps, stockyards, 
and vacant lots. Cultivated sites include farm lands devoted to the 
raising of crops which are normally plowed or cultivated at least 
once yearly.
Psoralea arqophylla Pursh
Psoralea arqophylla is more important in some grassland com­
munities than in others within the Mixed and True Prairie. Early sur­
veys of the Mixed Prairie indicated it was a major forb in St ip a com­
munities of the rolling uplands of northwestern Nebraska (Pound and 
Clements, 1900), the Stipa comata-Bouteloua gracilis communities on 
sandy loam uplands of western North and South Dakota (Visher, 1916),
■ 33-
and similar communities on silt loams in central North Dakota at 
Mandan (Sarvis, 1920). Although uncommon in most of the sand hills 
of central Nebraska, Pool (1914) considered it a major forb where the 
spear grass (Stipa comata-Koeleria cristata). wire grass (Aristida- 
Bouteloua gracilis). short grass (Bouteloua gracilis-Buchloe dacty- 
loides). and hay meadow (Andropogon gerardi) communities dominated 
the vegetation. Later work in western North Dakota grasslands (Hanson 
and Whitman, 1938) indicated it was a major forb in the Bouteloua 
gracilis-Carex filifolia-Stipa comata communities on medium-textured 
soils of gentle upland slopes and plateaus, the Calamovilfa longifolia 
community on sandy ridges and hills, and the Andropogon gerardi com­
munity in draws and on the lower portions of steep slopes. Other studies 
indicated that silver leaf psoralea was a major forb in the Stipa- 
Bouteloua communities on rolling upland sites in the South and North 
units of Theodore Roosevelt National Memorial Park (Billings and Mc­
Kenzie Counties, respectively), the Stipa-Bouteloua communities on 
silt loams of two upland sites in the South Dakota Badlands, a Stipa- 
Bouteloua- Buchloe community on clayey soil on an upland site near 
Ardmore, South Dakota, and the Bouteloua gracilis-Bouteloua curti- 
pendula-Buchloe dactvloides communities of the loess hills of south­
western Nebraska and northwestern Kansas (Weaver and Albertson, 1956). 
Within other regions or grassland communities of the Mixed Prairie it 
was not as important. It was considered a secondary forb in the And- 
ropoqon scoparius. Bouteloua-Buchloe. and Andropogon gerardi communities 
in west-central Kansas (Albertson, 1937), and in the Bouteloua gracilis- 
Stipa comata communities on medium-textured soils in Canada (Coupland, 
1950). In western North Dakota it was of secondary importance in the
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Androeogon seoparius community on steep, north-facing slopes, the Ar- 
temisis £ana community on valley flats along streams, and the Buchloe 
dactyloides community on lower slopes, draws, and depressions (Hanson 
and Whitman, 1938). Silver leaf psoralea was considered to be absent 
or uncommon in the bunch grass (Andropogon seoparius) and blow out 
grass (Calamovilfa longifolia-Redfieldia flexuosa) communities in the 
sand hills of Nebraska (Pool, 1914), and in apparently all of the 
grassland communities in the sand hills of Saskatchewan (Hulett, 1966) 
and those of North Dakota in Ransom and Richland Counties (Burgess, 
1965). There was also a paucity of this species in the Aqropyron 
smithii-dominated communities in Canada (Coupland, 1950) and western 
North Dakota (Hanson and Whitman, 1938).
On the True Prairie silver leaf psoralea is a major forb of up­
lands, particularly in Andropogon gerardi-Andropogon seoparius com­
munities (Weaver and Fitzpatrick, 1934). Weaver and Fitzpatrick stud­
ied 200 separate prairie sites in six adjacent states and found silver 
leaf psoralea to be a major forb in 56$ of the upland sites and present 
in 74$. In the lowland sites it was less common and was a major forb 
in only 19$ and present in only 53$ of the sites. In northwestern 
Minnesota, near the boundary of True Prairie with deciduous forest, 
it was a major forb in Andropogon seoparius-Sporobolus heterolepis 
communities (Ewing, 1924).
Effect of Disturbance
Silver leaf psoralea tolerates some disturbance because it was 
found to a greater or lesser extent in degraded grassland communities. 
In regions of sandy soils it was found either within or adjacent to
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cultivated fields, especially in Kidder County, where cultivation is 
practiced only once or twice yearly because of the problem of wind 
erosion. In such areas .Artemisia ludoviciana. Ambrosia coronopifolia. 
and Psoralea lanceolata also persisted as remnants of the native grass­
land community. Silver leaf psoralea was also a common component of 
roadside communities in central and western North Dakota, where the 
underground portion of the native community had not been destroyed 
by the initial road construction. In these areas weeds and introduced 
species (Poa joratensis, Bromus inermis. Melilotus alba, and Melilotus 
officinalis) had invaded the remnants of the native community. In 
eastern North Dakota it usually does not persist in roadside communi­
ties, probably because of the wide-spread use of herbicides. It was 
found also in some tame or second-growth grasslands, where the native 
grasses had been destroyed, and only a few of the native forbs had 
survived. In Turtle River State Park silver leaf psoralea was found 
in an abandoned gravel pit, growing on sands and gravels within a sparse 
stand of Populus tremuloides. A few other forbs of the former grassland 
community also persisted in the latter region. These included Artemisia 
friqida. Artemisia ludoviciana. and Ambrosia coronopifolia.
Of all disturbed communities silver leaf psoralea appeared to 
thrive best in pastures and rangelands; hence a study of six sites in 
different portions of North Dakota was initiated to determine the effect 
of grazing on societies within grassland communities. Ungrazed native 
prairies served as controls. The general results of this study will 
now be discussed and the reader may refer to Appendix I for further
details.
E a s te r n  North Dakota
In Barnes County two mesic sites were selected. Site 1 occupied 
the concave lower slopes of a glacial melt water channel (Sec. 12, T. 
142 N., R. 60 W.) while site 2 occupied a similar topographic position 
near the base of a kettle (Sec. 14, T. 142 N., R. 60 W.). Scattered 
boulders were frequently lodged in the loamy soil and topographic re­
lations appeared to be nearly identical for both the ungrazed and 
grazed portions of each site. During the past 20 years the native 
pastures were moderately grazed while the ungrazed portions had accu­
mulated a layer of thick mulch. A transect was placed in a representa­
tive society in the grazed and ungrazed portion of the sites, respec­
tively, and basal cover was determined for the grasses, and crown cover 
for the forbs.
Site 1,.— On the pasture portion there was a greater diversity in num­
bers of species (34) than on the ungrazed area (27). Basal cover of 
the major grasses of the pasture was Poa pratensis (15.3%), Andropogon 
scoparius (24.4%), Bromus inermis (8.4%), and Panicum virgatum (4.3%), 
while crown cover of the major forbs was Psoralea argophylla (52.7%), 
Antennaria sp. (17.7%), Ratibida columnifera (7.4%), Aster ericoides 
(3.3%), and Ambrosia coronopifolia (2.8%). On the ungrazed area major 
grasses were Poa pratensis (32.0%), Stipa comata (24.5%), Stipa viri- 
dula (13.8%), and Agropyron smithii (3.9%), while major forbs were 
Artemisia ludoviciana (24.5%), Psoralea argophylla (17.7%), Ambrosia 
coronopifolia (7.9%), Rosa arkansana (4.5%), and Solidago missouri- 
ensis (4.2%). Average density of silver leaf psoralea, based on 20 
quadrats from 20 nearby societies, was 8.7 and 5.0 stems/0.25 m2 in 
the grazed and ungrazed areas respectively.
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Site 2. There was also a greater diversity of species on the grazed 
(29) than on the ungrazed (21) portion of the site. Basal cover of the 
major grasses in the pasture was Poa pratensis (37.7#), Stipa viridula 
(5.6#), and Andropoqon scoparius (5.3#), while crown cover of the major 
forbs was Psoralea argophylla (37.4#), Aster ericoides (17.0#), Arte­
misia ludoviciana (9.4#), Ratibida columnifera (6.4#), Petalostemum 
PMTRQreum (6.1#), Helianthus riqidus (5.3#), and Ambrosia coronopi- 
foiia (4.5#). Major grasses of the ungrazed area were Poa pratensis 
(47.0#) and Stipa viridula (3.3#). Five species of other grasses con­
tributed only 2.7# to the basal cover (Appendix I). Major shrubs or 
forbs were Psoralea argophylla (18.0#), Symphoricaroos occidentalis 
(14.8#), Artemisia ludoviciana (9.4#), Aster ericoides (7.9#), Gly- 
cvrrhiza lepidota (7.0#), and Rosa arkansana (5.9#). Average density 
of silver leaf psoralea, based on 20 quadrats from 20 nearby societies, 
was 6.05 and 3.15 stems/0.25 in the grazed and ungrazed portions of 
the site respectively.
Central North Dakota
A third site was located at the Northern Great Plains Experiment 
Station near Mandan, an area of nearly level upland with relatively 
uniform vegetation and soils. One transect was placed in a representa­
tive portion of no. 16 pasture, another in an exclosure (since 1958) 
of the same pasture, and still another in an adjacent ungrazed area 
which had been undisturbed since 1916 (Fig. 3). Basal cover was deter­
mined for the grasses and crown cover for the forbs.
Site 3.— A greater diversity of species was evident in the pasture (25) 
than in either the exclosure (18) or the ungrazed area (17). Basal
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cover of the major graminoids of the pasture was Bouteloua gracilis 
(24,5%), Carex filifolia (15.5%), Panicum wilcoxianum (13.0%), stipa 
comata (4.2%), Agropyron smith!i (3.0%), and Aristida longiseta (3.0%). 
Crown cover of the forbs was contributed mostly by Psoralea argophvlla 
(9.8%). Other forbs such as Artemisia friqida. Lactuca pulchella. and 
Artemisia ludoviciana contributed less than 1.5% to the crown cover.
In the exclosure the major graminoids were Carex filifolia (24.4%), 
Bouteloua gracilis (23.5%), Stipa comata (5.3%), Aristida longiseta 
(3.5%), Panicum wilcoxianum (2.6%), and Aqropyron smithii (l.9%).
Major forbs were Artemisia ludoviciana (5.0%), Artemisia friqida (4.9%), 
Psoralea argophvlla (3.1%), and Lactuca pulchella (2.7%). In the un­
grazed area the major graminoids were Carex filifolia (33.4%), Stipa 
comata (10.3%), Bouteloua gracilis (4.9%), and Aristida longiseta 
(1.7%), while the major forbs were Lactuca pulchella (5.9%), Psoralea 
argophvlla (5.7%), Artemisia friqida (3.9%), and Artemisia ludoviciana 
(2.2%). Based on eight quadrats the average density of Psoralea argo- 
phylla was 5.1, 0.88, and 2.0 stems/0.25 m2 in the pasture, exclosure, 
and ungrazed area respectively. In addition to the shift in dominance 
of silver leaf psoralea, a change in dominance of other forbs and grasses 
was noted. Basal cover of Bouteloua gracilis, Panicum wilcoxianum, and 
and Aristida longiseta decreased as a result of protection from grazing, 
while that of Stipa comata and Carex filifolia increased. Crown cover 
of Artemisia ludoviciana and Lactuca pulchella also increased.
Western North Dakota
Three sites were selected in this region. Site 4 was an ungrazed
area in the South Unit of Theodore Roosevelt National Memorial Park,
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near Medora (Sec. 23, T. 140 N., R. 102 W.), which served as a general 
control area for western North Dakota. Site 5 was a moderately to 
heavily grazed cattle pasture in Bowman County (Sec. 7 , T. 132 N., R.
101 W.), and site 6 was a moderately grazed sheep pasture in Slope 
County (Sec. 14, I. 136 N., R. 100 W.). At each site a representative 
society or portion of the stand was selected for a transect study.
Basal cover was determined for the grasses and crown cover for the 
forbs.
Site 4.— This site consisted of nearly level upland with silt loam 
soils. Considerable mulch was present and small societies of silver 
leaf psoralea were widely scattered in the grassland. Basal cover of 
the major graminoids was Bouteloua gracilis (27.3#), Carex filifolia 
(9.2#), Stipa comata (6.4#), Aqropyron smithii (4.2#), and Muhlenbergia 
cuspidata (3.5#), while the crown cover of the major forbs was Psoralea 
arqophylla (5.2#), Artemisia qlauca (5.0#), and Artemisia friqida (2.5#). 
The average density based on eight quadrats, was 2.1 stems/0.25 l A  A 
total of 18 species were present.
Site 5—  Sandy loam soil on rolling topography dominated this site.
Silver leaf psoralea societies often were large and coalesced, but 
were of rather low density. Basal cover of the major graminoids was 
Bouteloua gracilis (24.3#), Stipa spp. (15.7#), and Carex filifolia 
(15.5#), while crown cover of the major forbs was Psoralea arqophylla 
(16.4#) and Artemisia friqida (14.0#). Other forbs were not important. 
The average density, based on 20 quadrats from 20 nearby societies, was 
2.65 stems/0.25 m^.
Site 6.— Loam to silt loam soils on undulating topography dominated
this site. Solodized Solonetz soils were indicated on lower topographic
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sites by the pitted microrelief, and the silver leaf societies in 
these areas were small and isolated. On higher topographic sites 
the societies were coalesced, often covering large patches of ground. 
A representative portion of a 5-7 acre stand was sampled. Forage 
was abundant in this pasture and the total number of species in the 
portion of the stand sampled was 16. Basal cover of the major gram- 
inoids included Bouteloua gracilis (47.1%), Stipa spp. (12.1%), Fes- 
tuca octoflora (6.1%), Carex filifolia. (l.9%), Koeleria cristata 
(1.4%), and Aqropyron smithii (l.7%). Crown cover of the major forbs 
was Psoralea arqophylla (38.5%), Artemisia friqida (7.5%), Cirsium 
undulatum (2.6%), Phlox hoodii (l.9%), Plantaqo purshii (l.3%), and 
Sphaeraclea coccinea (1.2%). The average density, based on 16 quad­
rats, was 7,75 stems/0.25 m^»
This brief survey indicated that silver leaf psoralea is denser 
and contributes more crown cover in moderately grazed grassland than 
in ungrazed grasslands. In the western and central portion of the 
state it was commonly found on grasslands dominated by B. gracilis 
and S. comata, with lesser amounts of C. filifolia and A. smithii.
In heavily mulched grasslands C. filifolia tended to be more important, 
while B. gracilis and P. arqophylla tended to decrease. In eastern 
North Dakota it was found most abundant in those native grasslands 
not extensively invaded by Poa pratensis. At sites no. 1 and 2 the 
pastures had not been invaded as extensively by the latter species 
as in the ungrazed areas. Diversity of species was less in the un­
grazed areas than in the pastures. Important forbs found within
silver leaf societies throughout the state included Aster ericoides 
Aftt-mi s i ft
and Artemisia friqida. /V ludoviciana was also commonly present.
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Aggregation? Density^ and Grazing
Silver leaf psoralea is conspicuous in native grasslands because 
of its color and habit of growing in societies. Based on a study of a 
six state area in the True Prairie, Weaver and Fitzpatrick (1934) in­
dicated that societies were common on lower hillsides, steep slopes 
along ravines, and on well-drained, moist level lands as well. In 
eastern North Dakota, on the western edge of True Prairie, it was found 
in small societies in most of the native prairies examined in this 
study, but these areas were characterized by irregular topography and 
vegetation. Relatively uniform topography and vegetation was found at 
Oakville Prairie near Emerado, North Dakota (Sec. 16, T. 152 N., R.
52 W.). Here, silver leaf psoralea occurred as widely-spaced individuals 
on several acres of level upland dominated by a Andropogon scoparius- 
Andropoqon qerardi community. In areas where this grassland community 
was not as well developed, silver leaf psoralea occurred as societies.
On the Mixed Prairie it forms societies mainly on lower slopes 
where soil moisture is greater than in higher land, but in the drier 
level lands of the Dakotas the plant often occurs as widely-spaced 
individuals (Weaver and Albertson, 1956). Specific areas where a social 
habit has been reported includes (l) the loess plains of central Neb­
raska (Weaver and Bruner, 1948); (2) clayey soils at Ardmore in south­
western South Dakota (Weaver and Albertson, 1956); (3) northwestern 
Nebraska on medium-textured soils (Pound and Clements, 1900); and (4) 
coarse textured soils of the shortgrass and hay meadow communities in 
the Nebraska sand hills (Pool, 1914). Pound and Clements (1900) and 
Visher (1916), however, noted that it also grew as isolated individuals
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in the Stijoa communities of the high rolling prairies of northwestern 
Nebraska and western Dakotas. In the sand hills of Nebraska it occurred 
as isolated individuals in the bunch grass community (Pool, 1914).
Twenty six native pastures in North Dakota were studied to de­
termine the relationship between density, aggregation, grazing inten­
sity, and type of grazing animal. Six of these pastures were grazed by 
sheep and the remainder by cattle. The dominant vegetation, the soil 
type, the type of topography, and extent of aggregation were determined 
by visual estimates. Density was determined by randomly placing 12-20 
quadrats (0.25 m2) in representative societies or portions of stands. 
Terms used to describe aggregation in these pastures are as follows*
Continuous-The societies are not clearly delineated.
The uplands are covered to the extent that at least 
5 acre patches are formed. Plants tend to be uni­
formly spaced.
Coalescent-The societies tend to infringe upon each 
other, forming a patchwork pattern. Size of the 
societies ranges from 0.5-5.0 acres.
Large Societies-The societies are entirely separated, 
and between 0.05-0.5 acres in size.
Small Societies-The societies are widely separated, 
but are less than 0.05 acres in size (50 X 50 ft).
Prefixes such as low-density (less than 3 stems/0.25 m2) and high- 
density (more than 4 stems/0.25 m^) will be used with the preceding 
terms. A gradation between the above types will be indicated by such 
compound terms as continuous-coalescent or coalescent-continuous, de­
pending upon the phase which predominates in the area.
Pastures at Mandan were especially valuable in yielding infor­
mation because of the uniform topography and the carefully maintained 
records of grazing intensity. On the site which had been ungrazed
since 1916 only small, low-density societies (2.0 stems/0.25 m2) were 
present (Fig. 3). t wo lightly grazed pastures at Mandan (>15 acres/ 
animal unit), were studied. One was on rough, hilly topography (no, 
39), while the other was on flat upland (no. 37 [Fig. 3]). anall, 
widely spaced societies with an average of 3.35 stems/0.25 m2 occupied 
the former, while a coalescent-continuous distribution, with an average 
density of 2.6 stems/0.25 m2, dominated the latter. This pasture (no. 
37) differed considerably from an adjacent, moderately grazed pasture 
(no. 43) in both density and distribution.
Silver leaf psoralea in moderately grazed pastures at Mandan 
exhibited low-density, continuous distributions. Grazing intensity 
ranged from 7.95-10.5 acres/animal unit (Table 2). Pasture no. 43 was 
in the best condition (10.5 acres/animal unit) because more decreasors 
such as Amorpha canescens and Psoralea esculenta were present than in 
other pastures. Exclosures in pastures no. 13, 16, and 43 (Fig. 3) 
were heavily mulched, and contained fewer forbs, including silver leaf 
psoralea, than the pastures.
Heavily grazed pastures were especially conspicuous because of 
an abundance of Artemisia frigida and a paucity or complete absence of 
silver leaf psoralea. Pastures no. 33 and 34 (Fig. 3) were grazed ex­
cessively for 60 days from 1 July to 1 September each year. Calculated 
on a 150-day grazing season, overgrazing is not indicated. Under this 
this high-intensity grazing for short duration, however, the vegetation 
had regressed, as indicated by the dominance of Bouteloua gracilis, 
Artemisia frigida, and Antennaria spp. Silver leaf psoralea was found
only in small, low-density societies. Pasture no. 48 had been degraded 










Silver leaf psoralea had entirely disappeared from this pasture and 
obvious increasors such as Bouteloua gracilis, Artemisia frigida. and
Antennaria spp. dominated the vegetation. These studies at Mandan in­
dicated that silver leaf psoralea increased under moderate grazing, 
decreased or completely disappeared under heavy grazing, and decreased 
under complete protection from grazing.
Xn eastern North Dakota native pastures were invaded to some de­
gree by Poa pratensis. but the native grasses were still important 
(Table 3). The Stearns pasture (6.1 acres/animal unit), based on the 
presence of decreasers such as Amorpha canescens. Psoralea esculenta, 
Liatris punctata, and Liatris scariosa. was in the best condition. The 
Ames pasture (3.57 acres/animal unit) was in the poorest condition, and 
contained more increasers such as Artemisia frigida and Svmphoricarpos 
occidentalis. A continuous distribution of silver leaf psoralea pre­
dominated in the uplands of the Stearns pasture while a coalescent- 
continuous distribution dominated the uplands of the Ames pasture. A 
continuous-coalescent distribution dominated the Jensen pasture (6.4 
acres/animal unit), while coalescent-continuous distributions domin­
ated the Thorsness (5.0-5.9 acres/animal unit) and the Kuder pastures 
(o.36 acres/animal unit),. Two overgrazed native pastures were also ob­
served, one adjacent to the Stearns pasture and the other to the Kuder 
pasture-. In these pastures Bouteloua gracilis was the major grass and 
Artemisia frigida was the major forb. No reliable estimates were avail­
able on grazing intensity, but lack of forage, paucity of decreasers, 
and abundance of increasers, would indicate heavy grazing (Table 3). 























In these pastures, particularly, there was evidence of silver 
leaf psoralea extending its range. It was found near the borders of 
depressions in the Spartina pectinata community, where it was not found 
in ungrazed native grasslands. In the Ames and Thorsness pastures it 
was not observed to invade Svmphoricarpos occidentalis societies to 
any extent.
In southwestern North Dakota three moderately grazed and two 
heavily grazed cattle pastures were observed (Table 2). Although for­
age was adequate it was not as plentiful as in the pastures of Morton 
County (Mandan), Barnes County, or Kidder County. Silver leaf psoralea 
was confined to small, isolated societies in these pastures, except for 
the Storer pasture, where societies were larger and coalesced in several 
portions of the pasture. The sandy loam soil of this pasture may be 
more conducive to expansion of the societies than the heavier soils of 
the other pastures. The Radach (Fig. 4; Table 3) and Stern pastures 
were obviously overgrazed at intensities of 3.0-3.6 and 2.5-3.75 acres/ 
animal unit, respectively. Bouteloua gracilis was the major grass, and 
Artemisia friqida and Grindelia squarrosa were the dominant forbs. Sil­
ver leaf psoralea was absent in most of the pastures, and when present 
was confined to small, low-density societies.
Six sheep pastures were studied (Table 3), three in Kidder County 
(light soils), two in Slope County (heavier soils), and one in Burleigh 
County (medium-textured soils). In Slope County the Heuson no. 1 was 
moderately grazed for 10 years by sheep (8.0 acres/animal unit), and 
during that period societies expanded to the extent that a high-den- 
sity coalescent-continuous distribution of 5-7 acres formed in the 
upland. Coalescence was not as pronounced in an adjacent pasture
low-density societies can be seen. Grazing intensity 
was 3.0-3.6 acres/animal unit.
Fig* 5. An over-grazed sheep pasture in Kidder County, Sec. 
30, T. 140 N, R. 73 W. It was grazed at an intensity of 
1.5 acres/animal unit. All of the light vegetation is 
Psoralea araophylla. Low prairig in this pasture had a 
density of up to 104 stems per m.
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(Heuson no. 2) which had been lightly grazed for 20-30 years (12.0 
acres/animal unit). In Burleigh County, in a moderately grazed pas­
ture (8.0 acres/animal unit), small, high-density societies were most 
common, but coalescence was observable in some areas. In Kidder 
County the no. 2 Jensen pasture and the Hagen pasture exhibited a 
continuous distribution at grazing intensities of 5.2 and 4.8 acres/ 
animal unit, respectively. An overgrazed 30-acre pasture (Jensen no. 
l) was grazed at 1.5 acres/animal unit, and was literally a solid 
patch of silver leaf psoralea (Fig. 5). Average density, based on 
20 quadrats, was 16.44 stems/0.25 m^, and maximum density observed 
in any one quadrat was 26 stems.
The results of this survey indicated that density of silver leaf 
psoralea was considerably higher in sheep pastures than in cattle pas­
tures in central and western North Dakota, and that coalescent and 
continuous distributions were also more common in sheep rather than in 
cattle pastures. Another difference was that increase of density and 
expansion of the societies occurs under heavier grazing by sheep than 
by cattle.
The difference in response of silver leaf psoralea to cattle and 
sheep grazing is related to the nature of the grazing animal. Cattle 
graze this species to some extent in the early shoot stages (Weaver 
and Albertson, 1956). Later, as the stems become tougher, they will 
avoid all but the tender branch tips. On over-grazed ranges trampling 
may also be a factor, since uprooted, bruised plants were commonly 
found. Sheep, however, may avoid the plant entirely, and the smaller
L
hooves would cause less trampling.
In response to grazing, silver leaf psoralea has been considered
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a decreaser. The data of Voigt and Weaver (1951) in eastern Nebraska, 
Branson (1952) in central Nebraska, Hetzer and McGregor (1951) in 
eastern Kansas, and Beebe (1966) in southeastern South Dakota, indi­
cated that it was more abundant in excellent to good pastures than in 
poor pastures. The data from this study indicated that density and 
spread of silver leaf psoralea under cattle grazing is maximum under 
moderate grazing, but decreases both under protection or under heavy 
grazing. The work of Beebe (1966) also indicated that silver leaf 
psoralea was more important on moderately grazed sites than on either 
ungrazed or overgrazed sites. Hence, the response of this species to 
grazing is similar to that reported for a closely related species, 
Psoralea tenuiflora. in Oklahoma (Staith, 1940), which increased under 
moderate grazing but decreased under heavy grazing.
Clipping and Fertilizer
At the Mandan Experiment Station, 30 of the 192 experimental 
grassland plots had been clipped but not fertilized. Plots which 
had been clipped either in mid-summer (l August) or in late spring 
(l May, 16 May, or 1 June), or in both late spring and mid-summer, 
did not differ noticeably from pasture no. 13 in density and size of 
the silver leaf plants. In these 18 plots, 11 contained 50 or more 
plants within the 11.16 m2 area. Average density for all 18 plots was 
2.60 stems/0.25 m2, while that for the 11 densest plots was 3.89 stems/ 
0.25 m2. Plots clipped on 16 May and 1 June appeared to contain bush­
ier plants than those clipped on 1 May or 1 August. Of the 12 remain­
ing plots which had been clipped only once in early summer (lb June,
1 July, or 15 July), 10 contained less than 30 plants, while the other
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two did not contain any plants. Average density in all 12 plots was 
.16 stems/0.25 m2 (Table 4).
The 27 plots treated with 40 or 80 lb. of phosphate exhibited 
the same pattern. Of 15 plots clipped either between 1 May to 1 June, 
or delayed until 1 August, nine contained more than 50 plants per plot, 
five had fewer than 50 plants, and one had none. Average density for 
the nine densest plots was 3.86 stem/0.25 m2, while that for all 15 
plots was 2.46 stems/0.25 m^. Of 12 plots clipped between 15 June and 
15 July, nine contained 2-25 plants, while three contained no plants. 
Average density of all 12 plots was 0.16 stems/0.25 m2 (Table 4).
Of 18 plots clipped either in May or 1 August, or at both of 
these times, and fertilized with 40 lb. of nitrogen, only one con­
tained more than 50 stems. Most plots contained between 3-50 stems 
while one plot contained no plants. Average density for these plots 
was 0.3 stems/0.25 m2. Of 12 nitrogen-fertilized plots which were 
clipped between 15 June and 15 July, six contained 3-6 stems, while 
six contained no stems. Average density for these plots was 0.05 
stems/0.25 m2 (Table 4).
Of 18 plots clipped either in May or 1 August, or at both of 
these times, and fertilized with 80 lb. of nitrogen, nine contained 
2-8 plants while the remainder contained no plants. Average density 
for these plots was 0.05 stems/0.25 m2. Of the 12 plots clipped on 
15 June or 15 July, 10 did not contain any plants. Average density 
for these plots was 0.02 stems/0.25 m^ (Table 4).
Other clipped plots were treated with 80 lb. of nitrogen and 
either 40 or 80 lb. of phosphate. The results for these 23 plots are 
similar to the preceding where only 80 lb. of nitrogen was used. Plots
TABLE A.— Effect of rcrtilisar Applications and Tina of Clipping on Pmaralaa arroctrrlla (1958-66) 
at tin Bortharn Croat Plain. field SUtion, Ibadan
CLIPPED PLOTS ( Control*) P2O5 TREATED (AO or 80 lb./•*«*} •  TREATED (AO lb ./aera)
Clipping Plot bo. of P lants Dons1 Plot Bo. of Plants Dans1 Plot Bo. of P lants Dans1
Dates Bo. >50 30-1 0 Bo. >50 5 0 1  0 Bo. > 50 50-1 0
1 Aug. 201 X 5.50 262 15 0.3A 15A 7 0 .16
150 X 3-00 318 25 0.56 239 10 . 2 ?
361 X A.25 155 X 3.50 31A 5 a l l
351 2 0.05 205 X A. 50 11A 5 . 1 1
130 3A .76 306 18 -AO 250 8 s l6
209 AO .90 129 X 0.00 35A 9 .20
1 Bay. 355 X 3.25 106 X 3.25 118 3 .07
1 Aug. 113 35 .78 360 X A.75 23A 4 .09
260 20 -A5 227 22 .50 3A7 X .00
16 332 X A. 50 126 X A.25 152 10 .22
1 Aug. 105 X A.50 330 X 5-50 2A0 21 .47
213 30 .67 2A7 17 .38 3A3 4 .09
1 Jun e. 231 X A.50 13A X A.75 u o X 3.75
1 Aug. 311 X 3.50 202 X — 2M 40 .90
163 X 3.50 337 X A.25 30* 8 .18
26A X 3.00 223 20 .45
313 X 3.25 362 20 .45
1A1 21 • A7 128 10 .22
15 Jur.e, 112 10 .22 127 3 .07 1 1 1 5 .1 1
1 Au*. 203 6 .13 256 17 .38 357 4 .09
329 28 .63 331 25 .56 236 X .00
1 June, 20A 3 .07 161 4 .09 156 6 .13
1 Ju ly , 319 5 .1 1 225 7 .16 219 3 .07
1 Aug. 160 X .00 315 X .00 320 X .00
1 Ju ly 220 6 .13 107 X .00 2A6 5 .1 1
350 3 .07 217 5 . 1 1 103 X .00
1A8 X . 0 0 303 2 .05 33A X . 0 0
15 Ju ly 353 2 0 •A5 122 15 • 3A 1AA 5 .1 1
1A2 2 .05 259 8 .18 2AA X .(Xi
2 11 3 .07 3A8 X .00 3A0 X . 0 0
1 Expressed in  nunber of plants/0.25 a 2









8 (to 16.) * PjO} TM AT6D (60 or 
Plat In. of Plant*
In. > 5 0  50-1 o
80 16/afra) ■ (160 16) A P2O5 TREATED (60 or 80 
Plot lo. of Plants 
No. > 50 50-I 0
lb/acre)
Dana1
1 Aug. 109 16 0.36 167 X 0.00 Plant* present only on Leo dots.
210 X .00 2 U S .00 no. 251 and 101




1 Iky, 158 2 .05 228 1 .08
1 Aug. 207 < .1 8 125 X .00
361 X .00 306 X .00
16 Kay, 117 X .00 163 3 .07
1 Au*. 215 X .00 237 X .00
305 X .00 308 X .00
1 June, 302 3 .07 115 6 .09
1 Aug. 133 5 .11 235 3 .07
216 5 .11 307 X .00
u o X .00
263 X .00
326 X .00
1 Jura, U6 X .00 229 X .00
1 July, 255 X .00 131 X .00
1 Aug. 366 X .o o
15 June, 150 u .0» 120 X .00
1 Aug. 252 X .00 253 X .00
333 X .00 339 X .00
1 July 123 X .00 108 X .00268 X .00 242 X .00
36A X .00 316 X .00
15 July 157 u .09 233 4 .09 251 15 0.36
212 X .00 121 X .00 101 26 .63
335 X .00 336 X .00
1 Expressed la number of plants/0.25 a2
■55-
treated with 160 lb. of nitrogen and the above phosphate rates con­
tained even fewer plants. Only two of these plots contained silver 
leaf psoralea (Table 4).
Over the 8-year period of this trial, clipping during May or 
1 August, regardless of whether one or two clippings were made, main­
tained a density of silver leaf psoralea comparable to that found in 
the moderately grazed no. 13 pasture. Clipping in mid-June or July 
was harmful and reduced density and plant size. Phosphate fertilizer 
applied at rates of 40 or 80 lb./acre had no noticeable effect on the 
density or on the size of silver leaf psoralea plants. However, the 
density and size of the plants decreased as nitrogen application rates 
increased. Concomitantly, the fertilizer had definite effects upon 
the grasses. Aqropyron smithii and Carex filifolia increased as appli­
cation rates of nitrogen increased, while Bouteloua gracilis and Stipa 
comata decreased. Bouteloua gracilis decreased most noticeably at 40 
lb./acre, while Stipa comata noticeably decreased at 80 lb./acre nitro­
gen application. At the latter rate Carex filifolia and Aqropyron 
smithii completely dominated the vegetation, and nearly all forbs dis­
appeared, including silver leaf psoralea.
Drought and Soil Moisture
The amount of precipitation is probably the main limiting factor 
determining the type of grassland vegetation. The amount of water 
which actually enters, remains, or moves within the soil depends upon 
topography, soil compactness, soil texture, soil organic matter, veg­
etation cover, and mulch. Coupland (1950) observed that silver leaf 
psoralea was most often found in moist soils of medium texture in the
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Mixed Prairie o£ Canada, as did Weaver (1954) in the True Prairie of 
eastern Kansas, Nebraska, South Dakota, and western Minnesota and Iowa.
There are many references to the effect of the drought of the 
1930's on silver leaf psoralea. In eastern Nebraska Weaver (1943) in­
dicated that many forbs decreased or disappeared, among them silver leaf 
psoralea. In 1945 after the drought, its pre-drought distribution was 
exceeded in many prairies, particularly as it spread over many of the 
driest hill tops (Weaver, 1950). At one location Weaver observed a 
density of 100-130 stems/m2, a value approached in this study only by 
those from the Jensen no. 1 sheep pasture in Kidder County. During the 
drought a partial or complete elimination of silver leaf psoralea and 
other forbs occurred in portions of the Mixed Prairie of western Neb­
raska and Kansas (Weaver and Albertson, 1956), western North Dakota 
(Whitman, et aJL., 1943), and in central North Dakota (Sarvis, 1941).
In the latter location at Mandan silver leaf psoralea was found only 
along the coulees and lowlands in 1941*
Many prairie plants, including silver leaf psoralea, survive 
drought by remaining dormant (Albertson and Weaver, 1944). Since this 
species is sensitive to moisture levels, the factor of yearly fluctu­
ations in soil moisture must be evaluated when studying the presence, 
density, and extent of aggregation of silver leaf psoralea in native 
grasslands. During drought the aerial parts would not present a true 
picture of the abundance or distribution of the underground parts. Dur­
ing the summer of 1966, however, (a wet year in North Dakota) soil 
moisture levels were favorable at all sites during the critical growing 
period. Hence, production of aerial shoots would be at maximum, and 
the subterranean root distribution in the native grasslands and pastures
would be reflected adequately.
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Fire
A plot, approximately 100 x 100 ft, was burned by the UNO Ecology 
class in early May, 1966 on a heavily mulched native prairie near Emer- 
ado, North Dakota (Oakville Prairie). In late summer the burned area 
was compared with the unburned area by randomly taking 20 quadrats 
Co.25 m ) in each area. Average density of silver leaf psoralea was 
seemingly greater on the burned (5.5 stems/0.25 m2) than on the unburned 
(4.0 stems/0.25 m 2). Observations indicated that in the burned area 
silver leaf psoralea was also bushier, and stands of Panicum virqatum, 
Andropogon gerardl, and Andropoqon scoparius were better developed.
The burning adversely affected Svmphoricarpos occidentalis and Poa 
pratensis.
Competition
The tendency of silver leaf psoralea to occur in certain grass­
land types and not in others, and to increase in density and lateral 
spread under moderate grazing, can be explained in part by competition. 
Plants growing on heavily mulched prairies tend to be taller, but more 
spindly and less bushy than those on grazed prairies. In the former 
area more of the carbohydrate reserves would likely be used during the 
shoot stage, and the photosynthetic surfaces and life span of the plant 
would be decreased. Consequently, the total food reserves would be re­
duced In the roots from one year to the next. Adjacent vegetation 
would be highly competitive for light and moisture. In grazed prairies, 
however, adjacent vegetation would likely have a slow growth rate be­
cause of somewhat depleted food reserves in the roots; hence would be
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less competitive for light and soil moisture. The photosynthetic sur­
faces of silver leaf psoralea are increased as may be the photosyn­
thetic life span, thereby increasing the carbohydrate reserves in the 
roots. These extra reserves can then be used for increased root growth, 
thus accounting for the greater density and expansion of societies 
observed in grazed areas.
The paucity of silver leaf psoralea in certain grassland communi­
ties but not in others, may be explained by considering the competitive 
ability of the various dominant grass species, particularly as to the 
time of most rapid growth. Warm season grasses such as Andropoqon 
scoparius. Andropoqon qerardi. Bouteloua gracilis, and Buchloe dactyl- 
oides are late maturers and exhibit maximum growth only during or after 
the maximum growth period of silver leaf psoralea, which occurs during 
June. Cool season species such as Poa pratensis. Aqropyron smithii. 
and Carex filifolia may be highly competitive for soil moisture because 
their growth begins in late March to early April in North Dakota. Much 
of the soil moisture, especially in dry years, may be depleted before 
silver leaf psoralea begins growth. Shading by the former grasses may 
also be a factor, as well as the tough sod formed. Stipa comata is 
also a cool season grass, but does not begin growth until about one 
month later, and does not form as tough a sod. It grows as widely 
scattered bunches, rarely contributing more than 10-15^ to the basal 
cover. Aqropyron smithii is noted particularly for its competitive 
ability with forbs. Hanson and Whitman (1938) found relatively few 
forbs in western wheat grass communities in western North Dakota.
In True Prairie after the drought of the 1930* s, fewer and more
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dwarfed forbs were found in areas invaded by A. smithii than those 
which were not. Silver leaf psoralea and Psoralea tenuiflora were 
among these forbs (Weaver, 1943). Evans and Dahl (1955) noted that 
another species, Poa pratensis. also tends to eliminate most forbs 
from the communities that it dominates.
Soils and Topography
Of the 18 counties surveyed in North Dakota during the summer of 
1966 silver leaf psoralea was most important in the grasslands of Kidder 
County, where it was distributed uniformly in pastured areas dominated 
by sandy loam soil on level to undulating topography. Although the 
forb was not as common, it was observed to occur as widely spaced in­
dividuals also in pastures on undulating to rolling topography in Grant 
and Barnes Counties (sandy loam and loam soils, respectively) and on 
nearly level topography in Morton County (silt loam soils at Mandan). 
Silver leaf psoralea might be expected to grow well in coarse soils 
because its roots penetrate nearly 3 m downward into the subsoil, a 
level beneath most of the roots of grasses (Weaver and Albertson, 1956). 
Water percolation into the subsoil would be greater than in finer- 
textured soils, and water not available to grasses would be available 
to silver leaf psoralea. There is also a greater probability of higher 
water tables in coarse-textured soils, which could possibly serve as a 
water source.
In native grasslands in Turtle River State Park (Grand Forks 
County) silver leaf psoralea was found on soils ranging from those 
with well-developed profiles (Chernozems) to those with poorly devel­
oped profiles (Regosols and Alluvials). These soils ranged in texture
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from silt clay loams to loamy sands. In a disturbed site (abandoned 
gravel pit) societies were found on extremely coarse materials such as 
gravelly sands and sandy gravelsj growing in open areas within a sparse 
stand of Populus tremuloides. This coarse material was likely under­
lain at depths of 1 - 2  m by finer-textured glacial till, which could 
serve as a water reservoir for this deep-rooted species. Within the 
native and disturbed grasslands of Turtle River State Park silver leaf 
psoralea tended to colonize sites underlain by coarser material; how­
ever in some cases there was no apparent difference between soil tex­
ture of colonized and non-colonized areas.
Contrary to expectations silver leaf psoralea was uncommon on 
dunal topography in Richland and Ransom Counties. Here, soil moisture 
should not be a limiting factor because equally coarse soils were found 
in Kidder County, where rainfall is lighter. The dunes of Kidder 
County are more subdued, however. The abrasive effect of wind-blown 
sand and shifting sand dunes may be a factor in the Richland-Ransom 
sand hill region. It is known that this area was entirely denuded 
during the 1930’s (Burgess, 1965).
The scarcity of this species in many areas of the Badlands may 
be related to high runoff and poor moisture penetration in the clayey 
soils of those areas. Root growth may also be impaired. Except in 
sheep pastures, the absence of coalescent-continuous distributions in 
the undissected uplands in Bowman and Slope Counties may be due to 
irregularities of soils found in these areas. Less water penetration 
into heavier soils in certain areas would inhibit the growth of deep- 
rooted species such as silver leaf psoralea.
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Summary
This study indicates that several factors affect the presence, 
distribution, and density of silver leaf psoralea in grasslands. These 
factors include grazing, clipping, soils, topography, moisture, nutri­
ents, fire, competition, and climate. Only the first two factors were 
investigated in detail during this study.
Kochia scoparia (L.) Schrader
Kochia does not invade native communities to any extent although 
it may temporarily occupy the bare mounds of burrowing animals. In 
North Dakota it was found in three types of artificially disturbed habi­
tats (p. 33). It was particularly an important component of the weed 
flora in ruderal and cultivated sites, where it is tolerant to a wide 
variety of edaphic conditions. Specific disturbed sites where it was 
commonly found in North Dakota are as follows* (l) recently denuded 
areas such as roadcuts and gravel pits (Fig. 6); (2) dirt or gravel 
roadsides, farmyards, edges of streets, sidewalks, buildings, vacant 
lots in cities} (3) overgrazed pastures; (4) barnyard compost heaps; (5) 
moist, salt-affected cultivated soils (Fig. 7); and (6) dry to moist cul­
tivated soils not salt-affected. The first situation is often unfavor­
able for most weedy species because the soils are usually dry. On these 
xeric sites kochia may occur as monodominant but usually other species 
such as Sal sola kali, Salsola collina, Panicum capillare, and Sisymbrium 
altissimum are present, particularly on gravelly or sandy substrates.
The importance of tumbleweeds on these sites apparently results from 
their effective method of seed dispersal and greater tolerance of xerxc
conditions.
Fig, 6. A gravel mound, approximately 30-40 ft high, at the 
Emerado gravel pit site, Sec. 18, T. 150 N, R. 52 W, Grand 
Forks County. The bushy kochia plants are only 1-2 ft 
high. Also present are Salsola kali and Salsola collina. 
September 15, 1967.
Fig. 7. Cultivated, salt-affected low prairie in northwest­
ern Barnes County, Sec. 11, T. 142 N, R. 60 W. The bushy 
kochia plant is approximately five ft high and nearly as 
wide. The small plants in the right foreground are Suaeda 
depressa and Chenopodium glaucum. August 25, 1966.
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Compacted and trampled substrates of the second habitat type 
often have a characteristic weedy flora. Species other than kochia 
which are common are* Aqropyron repens. Bromus inermis. Poa pratensis. 
Polygonum aviculare, Polygonum achoreum, Malva rotundifolia. Leoidium 
densiflorum. Eraqrostis cilianensis. and Capsella bursa-pastoris.
Organic- and nitrogen-rich substrates of compost heaps in barn­
yards may occasionally contain pure stands of kochia to the exclusion 
of other weedy species. In this habitat plants may be rooted only in 
the compost, and not in the black mineral soil beneath. In older com­
post heaps species such as Descurainia sophia and Iva xanthifolia were 
common associates.
On upland soils of medium texture kochia was associated with the 
common weedy species of cultivated fields in Barnes and Grand Forks 
Counties. Only two species (Lyqodesmia juncea and Rosa arkansana) per­
sisted as remnants of the former native grassland community. Associated 




Setaria lutescens (Weigel) Hubb 
Setaria viridis (L.) Beauv. 









Amaranthus albus L. 







Brassica arvensis (L.) Rabenh. 









Lappula echinata Gilib. 
Verbenaceae
Verbena bracteata Lag. & Rodr. 
Compositae
Ambrosia artemisifolia L.
Cirsium arvense CL.) Scop. 
Erigeron canadensis L.
Lygodesmia juncea (Pursh) D. Don. 
Sonchus arvensis L.
Taraxacum officinale Weber 
Xanthium italicum Mor.
In cultivated lowland soils, often inundated for short periods in
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in the spring and nearly always moist, kochia was commonly associated 
with the following speciest Chenopodium rubrum, Chenopodium qlaucum, 
Suaeda depressa. Atriplex patula var. hastata, Hordeum iubatum. Atriplex 
argentea, Salsola kali. Puccinellia nutalliana, Echinochloa crusgalli, 
Panicum capillare. Chenopodium album, and Avena fatua. The first eight 
of the above species were especially common in salt-affected soils, as 
determined by conspicuous salt flecks at or near the soil surface. Ungar 
(1966) studied the salt tolerance of various species of plants in Kansas 
and Oklahoma. It was reported that kochia grew on soils containing up 
to 1.30$ salt, a value considerably lower than that found for character­
istic salt flat species such as Distichlis strieta, Salicornea rubra, 
and Puccinellia nutalliana.
LIFE HISTORY
Psoralea argophvlla Pursh 
Germination
A low percentage germination was obtained from both freshly har­
vested seeds of silver leaf psoralea as well as from those which had 
been stored up to two years at room temperature. Poor germination of 
seeds of the Fabaceae without previous chemical or mechanical treatment 
is well known. The seed coats are hard, resist abrasion, and are often 
covered with a wax-like layer which impedes or blocks the imbibition of 
water (Mayer and Poljakoff-Mayber, 1963). In this study the seed coat 
was made permeable to water by either a chemical or mechanical treatment. 
One group of 25 seeds served as controls, another was treated with con­
centrated H2SO4 for one-half hr, and in another the seed coat was punc­
tured through the hilum. After 10 days of incubation none of the con­
trol group had germinated, and no swelling was observable. Both chem­
ically and mechanically treated seeds, however, began to germinate on 
the third day when swelling of the seeds was observed. All of the for­
mer germinated within 10 days, while all of the latter germinated within 
7 days, and also exhibited faster growth than the acid-treated seeds.
Seedling Development
Punctured seeds were individually sown in 24 peat pots and raised 
under controlled environmental conditions in a Percival growth chamber, 
regulated to simulate summer conditions in North Dakota. After a week
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small, ear-shaped cotyledons first emerged from the soil and grew 1.5 
cm high by the 12th day. At this time a tiny terminal shoot appeared 
between the cotyledons. By the 16th day the shoot had reached a 
height of 3 cm and two tiny leaves, arranged oppositely, were observed 
at its tip. These simple leaves were almost fully developed by the 
18th day. The first and second trifoliate leaves were observed after 
four and six weeks respectively, and during the latter period the cot­
yledons first exhibited signs of aging (pale green color). At eight 
weeks the third trifoliate leaf was observed in all plants and the 
fourth leaf was found in some plants. At this stage death of the cot­
yledons was evident, and in some of the seedlings the lowermost leaves 
had abscised. Cotyledon abscission did not occur, and the dried rem­
nants persisted on the seedling. At 10-12 weeks vegetative growth 
apparently stopped} no plants developed the fifth trifoliate leaf. At 
this time it was observed that the roots were growing through the bot­
tom of the peat pots. Consequently six were transplanted into larger 
pots, and care was taken not to disturb the soil around the roots. No 
further aerial vegetative growth was noted, however. At 12-13 weeks 
seedlings which were not transplanted exhibited symptoms of aging (pale 
green color and shedding of leaves), and by 14 weeks the majority were 
dead. Seedlings which were transplanted survived longer, and two per­
sisted for approximately five months. Although the latter seedlings 
were not decidedly larger in aerial development, the taproot system was 
better developed. Abscission of the stem from the root appeared to be 
a chemical process since only a slight force was needed to separate it 
from the root. No anatomical studies were made of this abscission re­
gion, At maturity the seedling was spindly, internodal length was
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2-4 cm, total length of the shoot was 12-20 cm, and three or four true 
foliage leaves were present, each of which had a pair of tiny stipules 
at the petiole base. The 5-foliate compound leaf, so characteristic 
of root-propagated silver leaf psoralea plants, did not develop? in 
addition, the surfaces of the leaves were not as strigose-canescent 
and no flowering occurred. The fleshy portion of the taproot was 2-6 
cm long, 3-5 mm wide, and the truncated lower portion produced many 
fine branches which extended an additional 7-10 cm into the soil. Two 
white buds, approximately 1 - 2  mm long, were located between the bases 
of the dead cotyledons at the crown of the taproot. These would event­
ually produce next year’s shoot. The taproot was essentially a miniature 
of those of the mature shoot? however no lateral roots were produced.
Seedlings were highly susceptible to mite injury. Unless sprayed 
periodically, their life span was reduced considerably. The initial 
experiment with seedlings failed because of injury caused by mites, all 
seedlings dying within 10 weeks. The mites, however, did not harm 
plants of Melilotus alba and Poa pratensis, also present in the growth 
chamber.
Snail, spindly plants with trifoliate leaves were found at Oak­
ville Prairie and in an ungrazed prairie in Barnes County, which were 
seemingly morphological identical to seedlings grown indoors. Exca­
vation of the roots of approximately 12 of these plants revealed they 
were of vegetative origin, because they were attached to nearby plants 
through lateral roots. No seedlings were found during the course of 
the investigation although intensive searches were made in several dif­
ferent areas. Blake (1935) similarly was unsuccessful in locating
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seedlings during his study of the seedlings and early life history of 
some prairie plants in eastern Nebraska. Steiger (1930) apparently 
found only one seedling in eastern Nebraska prairie. After the drought 
of the 1930* s Albertson and Weaver (1944) found seedlings in great abun­
dance in Nebraska. These accounts, however, should be accepted with 
reservations because root-propagated plants could easily be mistaken 
for seedlings. When growing under adverse conditions root-propagated 
plants are tiny and spindly, and then can not be distinguished from 
seedlings unless the underground parts are excavated.
Root Dormancy
During 1965-66 roots kept in the greenhouse from late September 
to late May remained dormant, as did roots kept in the growth chamber 
under summer conditions from late September to late January. Roots 
stored for eight months in moist soil in a refrigerator at 34-38 F 
sprouted vigorously by 21 May, despite the low temperature. This in­
dicates that shoot growth is not initiated by optimum growing con­
ditions, nor is dormancy broken by passage of time, but that true or 
internally regulated dormancy is involved. Of the eight root buds 
treated with gibberellic acid (GAA) in lanolin, six responded by pro­
ducing small shoots, both in the greenhouse and growth chamber. The 
shoots grew at a very slow rate. After one month they were only 2.5- 
7.5 cm tall, and all leaves were small and trifoliate. By two months 
they had died. The root soaked in 0.5* GAA for 4 hr responded better 
than those treated with GAA in the lanolin base, but shoot growth also 
ceased after one month when a height of 6-7 cm had been reached. By
died and only small trifoliate leaves had beentwo months they had also
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produced. The root soaked for 8 hr in 0.5# GAA responded better.
Within 20 days the shoot was 13 cm tall and larger leaves were present, 
but growth ceased after 30 days, at a shoot height of 18 cm. At 40 
days a lateral shoot appeared at the base of this plant. It originated 
from a lateral bud at the basal intercalary meristem. By 50 days it 
had grown to the same height as the first shoot, but died later. How­
ever, another lateral bud located at the basal intercalary meristem of 
the second shoot began to grow. It produced a shoot which developed 
more extensively than the first two shoots. It grew to 24 cm in height, 
was spindly, and neither produced 5-foliate leaves nor flowers. It 
finally abscised on 12 May, after growing about three months. Examina­
tion of the roots of this plant which had grown in fine sand, revealed 
that an extensive root system had developed. The development of the 
GAA-treated root was unusual in that* (l) the vegetative shoot buds 
were small} (2) only trifoliate leaves were produced; and (3) successive 
activation of two lateral buds at the base of the first and second 
shoots resulted in the production of three stems from a single root bud.
Plants grown from cold-treated roots grew more normally. Of four 
roots cold-treated for 73 days, only three responded. At 25 days many 
of the buds had not produced shoots and only one shoot had reached 4 cm 
in height. Leaf foliage was normal, however, as the large buds con­
tained plicately folded 3-5 foliolate leaves. Three other rhizomes, 
cold-treated for 108 days, responded faster than those treated for 73 
days. At the end of seven days the buds of the former were above soil 
level, and by 15 days shoots were 2.5-4 .0 cm in height. At 24 days 
the shoots were 5-10 cm tall, robust, and possessed 3-5 foliolate
leaves.
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This study indicated that internally regulated or true dormancy 
exists in the roots of silver leaf psoralea. It was most effectively 
broken by a cold treatment, the latter being more effective at 108 days 
than at 73 days. Hence, low temperatures and a long period of time are 
necessary for the breaking of dormancy.
Developmental Events
Laboratory Studies
The shoots which developed from roots cold-treated for 73 days 
did not respond as quickly as those given 108 days of cold treatment.
In the former 25 days elapsed before even a single shoot attained a 
height of 4 cm, and 35 days elapsed before most shoots reached a height 
of 7.5-12.5 cm. Flowering occurred at 50 days and continued for seven 
days on two different flowering shoots. Only 15 flowers were produced, 
each with a life span of two-three days. No seeds were produced. At 
the end of three months these plants had shed at least their lowermost 
leaves, and stem abscission occurred between 94-113 days. Plants at 
maturity were dwarfed, poorly branched, and were 17-23 cm in height.
Rapid shoot growth proceeded from roots treated for 108 days. The 
shoot buds had reached the surface of the soil within seven days after 
planting; however, five to seven days elapsed before rapid upward growth 
of the shoot was noticeable again. At 15 and 24 days they were 2.5-4 
cm and 5-10 cm in height, respectively. At the latter time large, 3-5- 
foliate leaves were obvious. The most rapid growth occurred in plants 
grown in medium-textured sand, kept continually moist. At maturity 
these plants were 33-48 cm tall and were widely branched and bushy. Flow­
ering shoots were observed after 37 days, and flowers opened at 46 days.
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Flooring continued for sir dsys in the 15 flowers produced on the two 
shoots. The average life of the flowers was two to four days, after 
which petal abscission occurred. No seeds were produced in any of these 
flowers. At 55 days leaf abscission began to take place in the lower­
most leaves and continued basipetally until stem abscission finally oc­
curred at 98 days. In this trial) plants grown in loam soil ranged from 
17-28 cm in height, were sparingly branched, and did not flower. Ab­
scission in all 108 day-treated plants took place at 84-98 days, except 
for one plant which persisted until 116 days. Thus, in the laboratory 
plant longevity was not noticeably different between the 73 and 108-day 
cold-treated plants. It varied from three to four months, but most 
plants lived approximately three and one-half months. Plants were more 
dwarfed than those found in the field under natural conditions, except 
for those grown in the sand. Stem abscission proceeded under constant 
environmental conditions, and therefore reflects basic internal regula­
tion, as a result of senescent processes, rather than regulation by ex­
ternal or environmental factors.
Plants grown in the sand exhibited more extensive root development 
than those grown in loam soil. Two plants grown in loam, however, did 
form extensive lateral roots near the soil surface. These grew to a 
distance 15-30 cm from the parent root, and enlarged at the end forming 
another vertically oriented taproot. These small taproots also produced 
buds at their crown. The extensive, finely divided vertical root sys­
tem of the sand-grown plants probably developed because of better aera­
tion in the sand, which resulted in more water absorption and greater 
aerial development. No new taproots or lateral roots were produced from
this root.
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Plants raised in the growth chamber developed one or two ab­
scission zones at the basal intercalary meristems. Abscission oc­
curred at the lower intercalary meristem zone in all shoots, although 
cell division and some separation of cells was also observable in the 
upper intercalary meristem zone of some plants. In two shoots the sepa­
ration layer was developed only in the cortex portion of the abscission 
zone. It was not developed in the pith where the small cells in the in­
tercalary meristem had matured into larger, lignified cells. When matu­
ration of the intercalary meristem occurs, cell division and abscission 
is hindered or prevented.
Field Studies
In eastern North Dakota the emergence of new shoots of Psoralea 
arqophylla from the soil begins in late May to early June in pastures 
or high prairies with little mulch, but is delayed until mid-June in 
heavily-mulched low prairies. In 1966 new shoots emerged about two 
weeks earlier in Barnes County than at Mandan in Morton County. Shoots 
may develop either from buds at the crown of the taproot, or from the 
lateral roots, lying 5-15 cm below the soil surface. In drought years 
many buds remain dormant} others develop into a mature plant which may 
or may not flower. Rapid shoot growth proceeds until the plant is 15-50 
cm high, after which branching occurs. If the main shoot is severed be­
low the shoot bud by grazing animals, hail, or clipping during early de­
velopment lateral buds at the basal intercalary meristem(s) become ac­
tive. If the main shoot is not damaged these buds abscise during the 
growing season. The growth of shoots from these lateral buds was ob­
served in pastures, in clipped areas, and in an area where vegetation 
was injured by hail. The height of the main shoot varies depending upon
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the amount of mulch present or the adjacent vegetation. In pastures 
xnternodal growth is reduced, which results in shorter, bushier plants.
In taller vegetation or heavily mulched prairies, internodes are long, 
which results in taller and more diffusely branched plants. If clipping 
occurs at the bud level during early shoot growth stimulation of lateral 
buds at upper nodes of the plant occurs. At Mandan plants clipped at 
bud level were bushier than those which were not clipped.
During the observation period 1963-1967 in Barnes County the ear­
liest flowering dates were 30 June, 1963 and 30 June, 1967, on high prai­
rie and pastures respectively. The latest date was observed on low 
prairie on 24 September, 1965, an extremely wet year. Flowering typi­
cally occurred four to six weeks after emergence of the shoot from the 
ground. The flowering pattern is indeterminate and continues for sever­
al weeks under favorable conditions. Plants raised in a garden flowered 
from 1 July to 27 August and the mean life of each flower was four days. 
Flowering usually begins in early July on high prairies or moderately 
grazed pastures, and reaches a maximum in these areas in mid-July. It 
may continue under favorable moisture conditions in some plants through­
out most of August. In heavily mulched low prairies flowering may not 
be initiated until late July to early August, and may continue until 
mid-September. Plants were found flowering on 14 October, 1966 under 
a photoperiod of 11-12 hr in Griggs County, where much of the vegeta­
tion had been destroyed by a hailstoim on 20 June. Many of the original 
shoots of many species of forbs had been destroyed, including those of 
silver leaf psoralea. At maturity the aerial portion of the plant is 
herbaceous, reaches a height of 30-60 cm, and develops a more or less 
bushy crown. Below the crown the stem is bare down to ground level with
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the exception of a few scale-like leaves. The underground portion of 
the shoot is woody, as are the taproots which are three cm or less in 
diameter and extend 20-40 cm downward into the soil. At this level the 
taproot tapers abruptly, but produces numerous fine branches that pene­
trate 2-3 m farther into the soil (Weaver, 1954). The upper portion or 
crown of the taproot produces lateral roots, 1-4 mm in diameter, which 
in a single season may grow at least 100 cm through the soil. These en­
large at the tip and subsequently produce another fleshy taproot. Buds 
on both the new taproot and lateral roots may then give rise to new 
shoots the following growing season, resulting in extension of the range 
of the society. Excavations of two small societies revealed that at 
least five or six taproots are connected by the horizontal roots (Fig. 
8). Although the occurrence of shoot buds on roots has been considered 
relatively uncommon, recent studies have indicated they are found on 
many prairie plants (Raju, Coupland, and Steeves, 1966).
Unlike other tumbleweeds, seed production in silver leaf psoralea 
is erratic. Each year only a few scattered plants or clumps of plants 
were observed to produce seeds. A single plant rarely produced more 
than 100 seeds. Seed production was commonly observed, although hap­
hazard, in moderately grazed cattle pastures in Barnes County, as well 
as on the steep, eroded slopes of the Barnes County study area. In un­
grazed areas, even in moist, low prairie, it was less often observed.
In Turtle River State Park plants producing seed were found mostly along 
roadsides, and rarely in undisturbed portions of grasslands. At Oak­
ville Prairie seed production was seldom observed. Individuals growing 
in a garden, under seemingly ideal conditions, also failed to produce 
seed. Hence, it is not known whether the erratic seed production is
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related to local ecological conditions, the presence of certain vec­
tors, or to the genetic constitution of the individual plants or clumps.
\  s/_ i
Fig. 8. Gross Morphology of Psoralea arqophvlla. One of the two 
shoots arising from the main taproot has been removed* Note 
the main taproot (a), the basal node (b), the horizontal roots 
(c), and a new taproot (d).
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Foliage changes occur in the plant prior to abscission. These begin 
during or after flowering, but are postponed somewhat in plants setting 
fruit. Abscission of some of the lower leaves may begin while the plant 
is flowering; it then proceeds toward the apex as the plant ages. Dur­
ing senescence the stem becomes progressively mottled upward with black 
or brown, as the green color of the stem gradually disappears. Before 
abscission, therefore, the plant appears partially discolored and defo­
liated. The onset and completion of abscission in eastern North Dakota 
is modified by land use, topography, and yearly variations in soil mois­
ture. It occurs first on heavily grazed or high prairies, usually be­
tween late July to early September. On ungrazed or heavily mulched 
prairies it occurs between mid-August to mid-September, but not until 
mid-September to early October in heavily mulched, low prairies. The 
onset and completion of abscission is variable from year to year, par­
ticularly on high prairies, while on low prairies it is rather constant, 
presumably because of adequate moisture. For example, abscission began 
in late July on seemingly identical high prairie sites during drought 
years (1964, 1967), but not until early September in a wet year (1965). 
On low prairies, however, it did not begin until early to mid-September 
during the five years of the study. Since plants on grazed prairies 
tend to be phenologically more advanced during the growing season than 
those of low prairie, the former reach maturity first, and consequently 
abscise first. Their longevity may also be somewhat shorter than those 
of low prairie.
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Kochia scoparia (L.) Schrader 
Seed Germination
Seeds were collected in October, 1966 and stored at room tempera­
ture. They germinated readily in the dark at room temperature in May 
of 1967, when germination tests were made. In autumn no germination 
was observed in the field, even after seeds were covered with moist 
soil. Since germination proceeds rapidly in the spring it seems likely 
that some type of dormancy is involved. Germination of seeds occurs in 
late March to early April in North Dakota, or when the upper 5-10 cm of 
soil becomes frost-free. It is one of the first annual plants to ini­
tiate growth in the spring and apparently can tolerate the low tempera­
tures of this period. The young seedlings are 1-2 cm tall, reddish in 
color, and bear tiny shoot leaves between the two cotyledons.
Shoot Development
Observations of shoot growth were made on the moist, salt-affected 
lowland site in Barnes County during 1967. During April and May growth 
of the seedlings was slow, and by late May to early June the plants were 
only 7-14 cm in height. Growth proceeded rapidly with warmer tempera­
tures in June, and by mid-June plants had reached 28-36 cm in height. 
They were 60-90 cm by late June, 90-120 cm in mid-July, 130-160 cm by 
24 July, and 150-180 cm in height by 1 August. Maximum size was reached 
by 5 August, when many had reached 2 m in height. From June to August 
the plants grew an average of 3 cm/day. Some of the plants were nearly 
as wide as tall, and formed a bushy, pyrimidal plant, superficially 
resembling a small spruce or fir tree (Fig. 7). On more xeric topo­
graphic sites, plants reached a height of only 60-100 cm during the
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same growing period (Fig. 6 ). Production of the small greenish flowers 
was first observed 15 July, but was not at its peak until early to mid- 
August, when pollen was released in such large quantities that soil 
beneath the plants became yellow. Flowering was not completed in most 
plants until late August. Seed production and maturation occurred in 
late August through much of September. Stevens (1932) published seed 
counts of several tumbleweeds, including tumbling mustard (80,400), 
russian thistle (24,700), and tumbling pigweed (129,000). No counts 
were made in kochia; however, because of its larger size, the seed 
production would be expected to exceed that of the above species.
The growth form of the plant at maturity varies, depending upon 
the amount of space available. Widely separated seedlings mature into 
short plants, with short internodes, and a dense and coarse branching 
pattern. The shape of such plants varies from globular to deltoid, and 
the lower branches originate at ground level, typically lying prostrate 
upon the soil. Consequently they are oriented at right angles to the 
stem axis. Conversely, crowded seedlings mature into tall, narrow 
plants, with long internodes and a sparse and fine branching system.
The lower branches are not prostrate, usually originate some distance 
above the soil, and are oriented at an acute angle from the stem axis. 
All degrees of intermediates are found between these extreme types.
In moist, salt-affected soils extensive growths of fungal myce- 
lia were found on the roots of most kochia plants. Cankers at the 
base of the stem also were developed in many of these plants during 
May and June. Plants which did not form cankers at least developed 
lesions, or breaks in the periderm. In some moist, salt-affected 
soils no cankers were found, but in other areas nearly 100$ of the
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stems examined possessed such growths. An abnormal growth habit was 
conspicuous in many widely spaced plants in salt-affected soils, re­
sulting in an oval rather than the typical globular-deltoid shape.
The branching pattern remained dense, but the branches were less coarse 
and were directed upward at acute angles from the stex axis. Develop­
ment of the main shoot was inhibited, and the lateral branches exceeded 
the main shoot in height. This phenomenon has been observed in other 
plants where it has been termed "witches brooms" (Heald, 1933).
Root Growth
Kochia has an extensive taproot system, which may be directed 
primarily downward, or laterally, depending upon water relations of the 
substrate. Along steep slopes, roadsides, gravel pits, or other xeric 
sites, the root system extends mainly downward. The root system of a 
plant 1 m tall was traced to a depth of 1.5 m into the substratum. 
Lateral roots extended to about 1 m from the main axis. Such a plant 
could remove water from 4.5-5.0 cubic m of soil. In salt-affected, 
moist soils with more or less permanently saturated subsoils, lateral 
roots of a plant 1.5 m tall were traced in excess of 1.2 m on either 
sides of the plant axis. Vertical penetration of roots was less than 
0.6 m. Such a plant is capable of removing water from 2.5-3.0 cubic m 
of soil.
The extensive root system enables kochia to survive intensive 
cultivation, particularly if it is established, and also enables it 
to survive long periods of drought. Young seedlings are easily killed 
by cultivation, but as the roots develop laterally and vertically, the 
plant becomes difficult to uproot. In upland sites it was almost
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impossible to manually uproot a large, mature plant. During cultivation 
a plant may be jostled, tipped or even laid prostrate upon the soil and 
partially buried. If the latter occurs, adventitious roots will arise 
from buried portions of the stem. Meanwhile, the stem and root will 
re-orient themselves, through positive and negative geotropism, res­
pectively. If the plant is tipped once during the growing season the 
stem will have two right-angled bends, but if it is tipped or rotated 
again, additional bends or curves will appear in the stem. Thus, plant 
axes found in cultivated fields are often variously gnarled and twisted.
Senescence and Abscission
Following fruit maturation the plant undergoes a relatively long 
period of senescence, which is visible externally by changes in color 
of the foliage. Color changes proceed from the apex to the base and 
normally take several weeks. In some plants the foliage color changes 
from green to red, and eventually the plant becomes brown as the foliage 
and stem tissues dry out. In other plants, however, the foliage color 
changes directly to brown. These changes occur from late August through 
most of September.
During senescence soil-inhabiting fungi invade the base of the 
stem, apparently as the internal resistance to pathogens decreases. The 
invasion is most often correlated with plants undergoing visible signs 
of senescence, although green plants were also commonly found to be in­
vaded in late September and early October. In some plants invasion of 
the basal stem tissue was accompanied by a red discoloration, but in 
others a black or brown discoloration was observed. Invasion typically 
proceeds at the origins of the branches at ground level, where lesions 
or cracks in the periderm are characteristic. Soft parenchymatous
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tissues, located on the peripheral margins of the stem are first in­
vaded, and later the internal woody tissues. Within the latter, hyphae 
were found first in the phloem tissue and in the xylem vessels, but 
later infection had spread to the fibers and lignified parenchymatous 
tissue. In 1967 invasion of fungi was first observed on 25 August. By 
12 September it was commonly found in senescent plants, but some aging 
plants were not yet noticeably infected. If the stem was lesioned, but 
not cankered, the discolored tissues were adjacent to the lesion. By 
late September many stems, whether brown, red, or green, were discolored 
by fungi in the abscission zone tissue.
Abscission during the fall of 1966 and 1967 was correlated with 
high wind velocities. Plants tended to break off when velocities reached 
25-30 mphj as wind velocities dropped below this level abscission ceased. 
In the fall of 1966 abscission of 100 kochia plants was observed in a 
small, representative portion of the Knutson field. Here, abscission 
was first noted on 22 September, although less than 1# of the plants 
were affected. By 28 September another 7% had broken off, and after a 
severe windy period from 9-10 October (gusts to 35 mph) 72% of the 
plants had abscised. High winds on 13-14 October (gusts to 34 mph) 
brought about 86% abscission, and by 21 October, only 7 plants re­
mained. Abscission was completed on the observation plot, and on the 
Knutson field as well, following another windy period during 30-31 Octo­
ber. In fields 2-3 miles away, in which kochia plants were protected 
to a greater extent by surrounding vegetation, abscission was not com­
pleted at this time. In one field abscission was not completed until 
May of the following year (1967).
In 1967 abscission was observed first on an experimental plot in
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a saline, lowland area in Barnes County. Four large, bushy plants 
broke off when wind gusts reached 25 mph on 6 September. On 12 Septem­
ber kochia abscission also occurred at similar velocities in the same 
area, as well as at the Knutson field in Grand Forks County. Plants 
which abscised were still green and therefore not noticeably senes­
cent. Widespread changes in foliage color occurred by 22 September, 
and wind gusts up to 25-28 mph caused abscission in the two above lo­
calities, the Emerado gravel pit site, and several other fields in Grand 
Forks County. Abscission of phenologically later plants was not initi­
ated until 25 September and 1-4 October, when high winds once again were 
recorded. By 4 October most plants were apparently brown and dried, ex­
cept for a few green plants in the phenologically later fields such as 
the Anderson field. Abscission was widespread in all areas during peri­
ods of high wind on 13, 19, and 21 October. Winds up to 40 mph on the 
latter date completed abscission on most sites containing sparse stands, 
including a few persisting green plants on the Anderson field.
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ABSCISSION
Psoralea arqophvlla Pursh 
Morphology
Plants typically shed organs or parts of organs by the develop­
ment of a single abscission zone. In silver leaf psoralea, however, a 
separation layer forms in one or more abscission zones located within 
prominent "joints” at the base of the aerial stem (Fig. 9). Two or even 
three joints per plant are common on grazed prairies, but only one is 
usually found on ungrazed prairies. These represent stem nodes since: 
(l) a lateral bud is present in early developmental stages; (2) bud 
scales of the main shoot are attached at this point; and (3) an inter­
calary meristem is present. If two basal nodes of the stem are near or 
at ground level, and are in close proximity (3-20 mm), both will form 
separation layers. If the nodes are widely separated vertically (30- 
50 mm) only the node near the soil level will form a separation layer. 
Environmental factors limiting internodal growth, hence restricting the 
intercalary meristems to soil level, probably contribute to this phe­
nomenon. Light could be an inhibiting factor since the basal portions 
of plants on closely grazed prairies receive more light than those on 
ungrazed prairies.
The intercalary meristem, consisting of 10-30 layers of cells, 
extends as a broad, mechanically weak zone across the basal node (Fig. 
10). There is proportionally less vascular and mechanical tissue here 
than in areas on either side. Phloem and xylem fibers are absent in
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Fig. 9. Gross morphology of the basal nodes, X 2. On 
the stem at the left note the underground (a) and 
aerial (b) portions of the shoot, as well as the two 
basal nodes. On the external surface of the nodes, 
shallow grooves (c) indicate the region where the ab­
scission layer differentiates internally. On the 
right stem note the darker tissue of the abscission 
zone (d) exposed in a median longitudinal section.
Fig. 10. Median longitudinal section through a basal 
node, showing the intercalary meristem, X 50, Note 
bud scale (e), the groove (o), and the highly seg­
mented and discontinuous xylem vessels (s).
-86-
the portion of the zone where the separation layer eventually forms. 
Vessels are narrower, contain shorter elements, and occupy less space 
per unit area than in other stem regions. In addition, only the ves­
sels are lignified, while in other stem regions the walls of most cells 
are lignified.
The Abscission Process
Early in the growing season, during the period of shoot growth 
and stem elongation, the cells of the abscission zone were filled with 
the dense protoplasm found in most meristems. At the same time signifi­
cant amounts of esterified pectic material were found in the cell walls 
of vascular tissue as indicated by reactions to ferric chloride-hydrox- 
ylamine. Much weaker reactions occurred in cell walls in the pith and 
cortical portions of the abscission zone. The compound middle lamellae 
of the abscission zone cells stained readily with ruthenium red, but 
were unaffected by treatment with hot water or 2% NH^OH. Treatment with 
1% HC1 removed significant amounts of pectic material, although the cells 
were not separated until the acid treatment was followed by 2% NH^OH. 
Thus, the pectic components of the compound middle lamella were insolu­
ble in hot water and hot ammonia, and were probably in the form of both 
protopectin and calcium pectate.
The compound middle lamellae of the cortical portion were swollen 
and reacted positively in material collected during the period when the 
plant was flowering and setting fruit. In the pith positive reactions 
were associated with noticeable cell wall swelling in material collected 
later. Here, the color reaction was strongest not only in the compound 
middle lamella of the cells eventually forming the separation layer, but 
also in a few tiers of cells immediately adjacent to them. Therefore,
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before separation layer formation, the presence of an esterified pectic 
compound can be demonstrated in the compound middle lamella of a band 
of cells extending across the abscission zone. It could be differenti­
ated only by the dense protoplasm of its constituent cells, because no 
cell division occurred at this stage. If accumulations of starch grains 
were present this layer became conspicuous when stained with IKI solu­
tion. Cell shape, size, and orientation were identical to other cells 
in the abscission zone. As the layer differentiated further the cells 
of the compound middle lamellae reacted slightly or not at all with 
ferric chloride-hydroxylamine, and thus contrasted sharply with the 
heavily stained walls of the surrounding abscission zone tissue. Sub­
sequently, cell division occurred within the separation layer, until 
several thin transverse walls were produced within each cell. Although 
these new walls did not react with ferric chloride-hydroxylamine, they 
did stain with ruthenium red. As cell division continued the mother 
cell walls appeared attenuated. At this point obvious differences in 
thickness from those of the daughter cell walls could not be distin­
guished (Fig. 11). Considerable amounts of pectic material were re­
moved from the compound middle lamella of separation layers treated with 
2^ NH^OH for 2 hr, probably in the form of ammonium pectate. This amount 
appeared to increase as abscission progressed from early layer formation, 
through cell division, to the eventual separation of cells. However, 
detectable amounts of water-soluble pectin were not found. Separation 
of the cells occurred only after dissolution of the middle lamellae, ex­
tensive cell division, and attenuation of the cell walls. As the stem 
of the plant was gradually loosened from the underground portion as a 
result of these processes, the cells of the separation layer became
Fig, 11, Median longitudinal section through the pith portion of 
the abscission zone which is in an advanced stage of abscission, 
XI50, Cell division has occurred within the separation layer, 
but the thin, tangential walls are not readily observable. Note 
the thin, stretched cell walls of the mother cell (o).
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greatly distended and enlarged, but appeared to remain intact, since 
they were surrounded by thin, stretched cell walls. Mechanical rup­
ture of cells was observed only across the thin periderm and across 
vessel segments. Tyloses were not observable within the vessels of 
the abscised ends.
The general process of stem abscission in P. argophvlla is funda­
mentally the same as reported for angiosperm leaves (Sampson, 1918; 
Facey, 1950; Bornman, Spurr, and Addicott, 1967), and immature apple 
fruits (McCown, 1943), since abscission is preceded by changes in pec- 
tic compounds and by cell division. The present study indicated that 
changes in pectic materials preceded cell division. Only after the com­
pound middle lamella had been chemically affected, was cell division 
observable within the separation layer.
Abscission of some of the lower leaves and leaflets began when 
plants were flowering and setting fruit. It was most extensive prior 
to stem abscission, when the plants appeared partially defoliated.
Tests with ferric chloride-hydroxyl amine showed that changes of the 
pectic compounds were similar to those previously described for stem 
abscission, but no cell division preceded cell separation.
Protective Layer
Following stem abscission a protective layer forms. Unlike 
that found in most angiosperms, it does not develop immediately be­
low and adjacent to the separation layer. Rather, it forms at one 
or more nodes below the abscised surface, typically at the base of the 
shoot near its attachment to the root. In the cell walls of this region 
the formation of lignin was indicated by the phloroglucinol-HCl and
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chlorine-sulfite tests, while formation of lipids, presumably suberin, 
was indicated by tests with Sudan III. Later, meristematic activity 
occurs and a periderm is formed. The persisting stump of the shoot 
then gradually decays down to the protective layer and may persist for 
a year or more following abscission.
Kochia scoparia (L.) Schrader 
Morphology
The stem and root of most members of the Chenopodiaceae exhibit 
anomalous secondary thickening, whereby concentric zones of collateral 
vascular bundles arise from a succession of arcs or rings of cambium. 
These secondary meristems usually originate within the pericycle (peri- 
cyclic cambium), but may also arise in the phloem. Radial and tan­
gential bands of lignified parenchyma, which surround the vascular 
bundles, also originate from these cambial layers. This parenchymatous 
tissue is called conjunctive tissue (Metcalfe and Chalk, 1965). The 
stem and root of kochia also exhibit anomalous growth, which closely 
resembles that described for Chenopodium album (Artschwager, 1920).
At maturity the stem and root of kochia form a woody cylinder. In the 
stem this cylinder is hollow and filled with pith, but in the root it 
is woody throughout. A thin layer of cortex followed by a layer of 
periderm surrounds this woody cylinder. In kochia the plant axis is 
widest at ground level (abscission zone) where it is composed of up to 
12 concentric, rather undulate zones of growth (Fig. 12). The number 
of growth zones and consecruently the width of the axis decreases toward 
the root tip and stem apex. Viewed macroscopically in transverse sec­
tions these growth zones superficially resemble the annual growth rings
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Fig. 12. Transverse section through the abscission zone, X3. Note 
the tangential bands of conjunctive tissue (n), the radial bands 
of conjunctive tissue (o), and the growth zone (p). All of the 
light areas are parenchymatous tissue.
Fig. 13. Median longitudinal section through the abscission zone, 
X2. Note the stem (a), the root (b), the abscission zone (c), 
the pith (d), a knot (e), the tangential conjunctive tissue (f), 
and a growth zone (g). The latter are irregular, wider, and 
discontinuous in the abscission zone, but regularly-oriented, 
narrow, and continuous in the root and stem.
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of woody, perennial angiosperms. Microscopic examination of these 
zones, however, revealed that* (l) the phloem is located between the 
growth zones (intraxylary phloem); (2) the growth zones are composed 
of wide bands of vascular bundles (mostly fibers and vessels) alter­
nating with narrow bands of lignified parenchyma (tangential conjunctive 
tissue); and (3) radial bands of parenchyma (radial conjunctive tissue), 
which separate the vascular bundles, are of varying width, and usually 
extend across only one or two zones of growth, rather than across the 
entire stem (Fig. 12).
In most of the Chenopodiaceae the plant axis is apparently of 
equal strength throughout. The axes of Chenopodium album and Cheno- 
podium rubrum were examined and no apparent area of weakness was found. 
They were not tumbleweeds although they commonly developed a bushy 
growth habit. The axes of three species of the Chenopodiaceae which 
are tumbleweeds were examined, and in each an area of weakness was 
found at the stem base. These species were Sal sola collina, Sal sola 
kali, and Kochia scoparia, but only the anatomy of the latter was 
examined in detail.
Probably the most important single characteristic of woody tissue 
that provides an indication of its strength properties is specific grav­
ity. In dry wood it depends upon the amount of cell wall material pres­
ent and its chemistry (Esau, 1953). Hence, specific gravity was deter­
mined from sections 2.5 cm long taken from the abscission zone, and from 
immediately adjacent portions of the root and stem. The results, based 
upon 11 different plants, are presented in Table 5. Mean density of 
the root tissue was .501 while that for the stem and abscission zone 
was .455 and .432, respectively. Although the wood of these three
r













Displacement sp gr 
of water (cc)
1 2.132 4.5 0.472 3.180 5.8 0.549 1.805 3.8 0.475
2 2.230 5.0 .446 2.240 4.0 .560 2.265 5.0 .453
3 1.587 4.0 .397 2.234 4.9 .456 1.825 4.0 .456
4 2.799 6.4 .444 2.495 5.2 .480 2.141 4.8 .446
5 1.463 3.5 .418 1.627 3.2 .508 1.079 2.5 .432
6 2.753 6.5 .424 2.962 6.0 .490 2.550 5.8 .440
7 2.860 6.0 .477 2.999 5.8 .518 2.387 4.7 .507
8 2.367 5.8 .408 3.273 6.8 .481 2.396 5.7 .420
9 2.582 5.7 .453 2. 507 4.8 .522 2.476 5.0 .495
10 2.876 7.3 .394 3.361 7.0 .480 3.150 7.2 .438
11 1.691 4.0 .423 1.843 4.0 .468 1.280 2.9 .411
X = .432 x = .501 x = .455
Plant axis number
'93-
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regions was highly variable in density from plant to plant, the values 
from the abscission zone sections were consistently lower than those 
of the stem and root, indicating the presence of lighter, and weaker 
wood.
Externally there is no conspicuous indication of weaker tissues 
in the root-stem transition area (abscission zone). The production of 
knots in the woody tissue, however, results because large branches 
originate from this region in bushy plants. Knots are known to reduce 
considerably the strength of woody tissue (Brown, Panshin, and For- 
saith, 1949), but their presence or absence is not indicative of whether 
or not a plant will abscise at the stem base and become a tumbleweed. 
Although perhaps initiated at higher stresses, abscission also occurred 
in oval- or lanceolate-shaped kochia plants lacking knots. Weeds, in­
cluding Chenopodium album and Chenopodium rubrum, often possessed basal 
stem knots but did not abscise.
When viewed macroscopically in longitudinal sections, the abscis­
sion zone tissue could be distinguished by the irregular growth zones 
at the base of the stem (Fig. 13). These often appeared to be discon­
tinuous from those of the root or stem, were wide, and also tended to 
diverge or converge at oblique or right angles from the stem axis. The 
growth zones in the stem and root, however, were generally continuous, 
were narrower, and were oriented parallel to the plant axis. Observa­
tions of stems abscised in the field indicated that rupture of tissue 
occurred in these irregular growth zones.
Microscopic examination of longitudinal and transverse sections 
confirmed the preceding observations, and also revealed additional 
structural differences in the abscission zoner (l) reduction in width
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of the fiber walls relative to those found in the stem and root; (2) 
increased amount of parenchymatous tissue relative to fibrous tissue;
(3) increased amount of cross grain relative to normal grain; and (4) 
reduction of lignification. Each of these features as they relate to 
strength properties of woody tissues will now be discussed.
Fibers
It is well known that the length of fibers affects the mechanical 
properties of certain plant stems. In flax, for example, the stem is 
extremely tough because of the length of the fibers; consequently the 
fiber strands can be woven into a durable fabric. In kochia, however, 
there was no obvious difference of fiber length along the plant axis. 
There was an obvious reduction in width of the fiber walls, however, 
which was the most conspicuous microscopic difference between the tis­
sues of the abscission zone and other regions of the plant axis. Based 
on measurements from 10 stems the double wall thickness of two contiguous 
fibers from the root and stem averaged approximately 7^in diameter. Some 
walls were less at 4̂ _ and others were more at 8̂ . In the abscission zone 
the double wall thickness averaged 3-4^. Some were as narrow as 2.5^, 
while a few approached 6/0
Parenchymatous tissue
The relative volume of conjunctive to fibrous tissue increased in 
the abscission zone. Viewed in transverse sections the tangential and 
radial bands were wider than in other regions of the plant, and the lat­
ter were also more numerous (Fig. 14). In longitudinal sections the tan­
gential bands were often oriented obliquely or at right angles to the 
plant axis, rather than parallel to it, and appeared to disrupt the
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Fig. 14, Transverse sections of the root (A), the abscission zone (B) 
and stem (C), X3. Note that the tangential conjunjive tissue (d) 
and the radial conjunctive tissue (e) occupy proportionally more 
volume in the abscission zone. In the stem an insect larva (f) 
has burrowed into the pith.
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continuity of the vascular bundles from the root to the stem. The 
radial bands of conjunctive tissue were of greater vertical dimension 
than in other stem regions. It appears that not only the relative vol­
ume of parenchymatous to fibrous tissue, but also the distribution of 
this tissue affects the strength properties of the abscission zone in 
kochia.
Cross grain
Cross grain in woody tissues results from the deviation of the 
longitudinal elements (vessels, fibers, parenchyma) from the vertical 
plane. When transverse sections of the abscission zone of kochia were 
examined microscopically, a wavy pattern was exhibited by the tissues. 
This wavy pattern (cross grain) was produced because the cells were not 
sectioned normal to their main axis. Although cross grain was not con­
fined to the abscission zone, it was more common here than in either 
the stem or root. It was considerably increased in the abscission zone 
by the origin of numerous, often large branches in this region. Plants 
which lacked such basal branches developed less cross grain in the ab­
scission zone. Plants with relatively more cross grain in the abscission 
zone would be expected to abscise more readily because its presence is 
known to be a source of weakness in wood, particularly in regard to bend­
ing (Koehler, 1933; Brown, et al., 1949).
Liqnification
Both the phloroglucinol-HCl and chlorine-sulfite tests for lig­
nin indicated a reduced lignification of abscission zone tissues, par­
ticularly in the compound middle lamellae of the xylem fibers. A gen­
eral decrease of reaction intensity occurred centripetally from the
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inner growth zone, until the outer 2-3 growth zones reacted only slightly 
in many plants. In contrast, the staining reactions in the root and 
stem were relatively uniform across the growth zones. These tests also 
indicated that lignin was absent from the periderm and phloem tissues 
throughout the plant axis.
The phloroglucinol-HCl test indicated a negative reaction in the 
fiber walls found in the abscission zone, and only a slight reaction 
in their middle lamellae. In the stem, however, both the middle lamel­
lae and fiber wall reacted positively, particularly in those fibers ad­
jacent to the tangential conjucntive tissue. The fibers in the root 
were intermediate in degree of reaction. Of all tissues within the 
plant axis, the compound middle lamellae of the tangential conjunctive 
tissue reacted most intensely; consequently the tangential conjunctive 
tissue appeared as bright red bands within the more faintly staining 
vascular bundle tissue. The radial conjunctive tissue throughout the 
plant axis was not conspicuous because only the middle lamellae reacted 
positively.
Tissues reacted more uniformly with the chlorine-sulfite test than 
with the previous test because the tangential conjunctive tissue did not 
stain more deeply than the vascular bundle tissue. In the former strong 
reactions were observed in the middle lamellae, but only faint reactions 
in the walls. In the vascular bundles both the walls and middle lamellae 
of the fibers exhibited similar reactions, in contrast to the phloro- 
glucinol-HCl test, where they tended to stain differentially. Results 
obtained from the radial parenchyma tissues were similar to those ob­
tained by the phloroglucinol-HCl test.
The descrepancy between results of these tests is not known;
i
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however, the chlorine-sulfite test may be more sensitive to lignin than 
the phioroglucinol-HCl test (Siegel, 1953). The former stained the 
fiber walls more than the latter, although the walls of the tangential 
conjunctive parenchyma were stained less.
The safranin-fast green technique of Johansen (1940) also indi­
cated a decrease of lignification in the abscission zone. Fast green 
was absorbed to a greater degree by the fiber walls and parenchymatous 
tissue of the abscission zone, while the safranin was absorbed to a 
greater degree in similar tissues of the stem and root.
The IKI-H2SO4 test for cellulose also supported the above conclu­
sions. A positive test for cellulose was obtained only in the periderm 
and phloem tissues. In the other tissues various shades of green were 
observed in the cell walls, indicating the presence of interferring 
substances (Jensen, 1962), which would be lignin in tissues of kochia.
Morphology of the Abscission Zone 
in Relation to Brashness
From this study the following factors are considered to have a 
bearing upon the strength properties of the abscission zone tissues:
(l) lower specific gravity, indicating lighter wood; (2) branch knots, 
particularly in bushy plants; (3) cross grain, somewhat influenced by 
growth habit of the plant; (4) increase of parenchymatous tissue rela­
tive to fibrous tissue; (5) change in relative distribution of paren­
chymatous to fibrous tissue; (6) reduction in fiber wall width; and (7 ) 
reduced lignification. Most of these factors have been correlated with
weakness and brashness in wood (Brown, et al., 1949; Forsaith, 1921;
t e.p o rtad
Koehler, 1933). Brashness has beenAby Brown, et al., (1949, p. 297) as*
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an abnormal condition in wood that permits it to break 
suddenly and completely across the grain, generally at 
a stress at which a normal piece of wood would not fail.
Koehler (1933, p. 2) contrasted the strength properties of brash and
normal wood as follows:
Brash wood fractures under comparatively little deflec- 
• tion and consequently absorbs little energy in bending.
Wood that is characterized as tough, on the other hand, 
breaks gradually, with continued splintering, and only 
after comparatively large deflection in bending has 
occurred. Consequently such wood absorbs much energy 
before it breaks.
Considering the above discussion it is apparent that the ab­
scission zone tissues of kochia are brash in comparison with those of 
the stem or root. Reduction in width of the fiber walls is considered 
to be the major factor, while contributing secondary factors are appar­
ently reduction of fibrous tissue relative to parenchymatous tissue, 
relative change in distribution of these tissues to each other, and re­
duction of lignification. In a study of brash wood in various species 
of gymnosperms and angiosperms Koehler (1933) and Forsaith (1921), the 
fiber wall thickness and total volume of fibrous relative to parenchyma­
tous tissue were considered to be major factors. Relative distribution 
of fibrous to parenchymatous tissue also has been suggested as an im­
portant factor (Forsaith, 1921). Lignin content is generally considered 
to be greater in strong wood than weak wood; however, it was reportedly 
higher in spring wood and compression wood, which are brash, than in 
summer wood and tension wood, which are tough (Koehler, 1933). Cross 
grain and basal knots appear to be of only minor importance in affecting 
the strength of the abscission zone tissues of kochia, because they were 
not characteristic of all plants which had abscised. Their presence, 
however, is known to cause reduction of bending strength in wood
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(Koehler, 1933; BroWn et al., 1959)* The number and size of ves­
sels was also considered a major factor in brashness in angiosperms 
(Forsaith, 1921); however in kochia there was no significant differ­
ence in their width and number between the various plant axis regions. 
Although brashness in wood has often been attributed to short fibers, 
Forsaith (1921) and Koehler (1933) reported that fiber length was not 
important in the species of angiosperms and gymnosperms investigated.
In kochia there was also no obvious difference in fiber length in any 
of the plant axis regions. Brown, et al., (1949) found that brash wood 
ia also abnormal in that the wall fibrils of the longitudinal elements 
approach more nearly the horizontal plane than those of normal wood, thus 
reducing its strength. This factor, however, was not investigated in 
kochia.
The Abscission Process
Although the weak tissue at the stem base is the site of ab­
scission, other factors determine when abscission occurs. Thus, an 
early objective of this study was to determine* (l) if abscission 
is under control of internal metabolic factors (chemical abscission); 
or (2) if the process is under control of internal or external non- 
metabolic factors (mechanical abscission). Therefore, field obser­
vations as well as anatomical artd histochemical studies were conducted.
Anatomical and Histochemical Studies
Ruthenium red and ferric chloride-hydroxyl amine tests indicated 
the presence of pectic material in the walls and middle lamella of only 
a minor portion of abscission zone tissue, including the phloem, peri­
derm, and immediately adjacent parenchymatous tissue. Solubility tests
p>-.•v • • i i VX’,S'.r*V * '‘ ■'A-.v-#
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indicated that the pectic material of these areas was insoluble in 
water and partly soluble in hot 2% ammonia at all stages of plant 
development, including abscission. It was removed only by 1%  HC1 
followed by 2% NH^OH treatment. The middle lamella of the fibers of 
the vascular bundles and the conjunctive parenchyma stained only slightly 
with ruthenium red. The staining substance may not have been pectic 
material because it did not react with ferric chloride-hydroxylamine, 
and was not removed by 12 hr of alternating 2% NH^OH and 1$ HC1 treat­
ments. Metabolic processes within the aging plants did not initiate 
cell division, nor was there observed removal of cellulose or lignin 
from the cell wall and middle lamella, respectively. Therefore, there 
was no evidence of a change or removal of the middle lamella substances 
prior to abscission.
Microscopic observation of abscised ends indicated that the 
middle lamella remained intact between cells during abscission. Sepa­
ration usually did not proceed through the middle lamella between cells; 
rather, breakage occurred horizontally across the walls of the fibers, 
vessels, and parenchymatous cells.
Field Studies
During late September and throughout October field observations 
indicated that abscission occurred as winds reached 25-30 mph; at lower 
wind velocities it was seldom observed. On windy days the rupture of 
large, woody stems could be heard as loud cracks for considerable dis­
tances, indicating sudden mechanical breakage. In other plants rup­
ture took place gradually, presumably over several hours, as they were 
swayed back and forth by the Wind. The latter plants tended to have 
rougher surfaces than the former. The abscised ends of many stems
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appeared ring-shaked, a term used by wood technologists to describe 
separation along the growth zones (Brown, et al., 1949). This ver­
tical separation would be expected because vertical layers of thin- 
walled conjunctive tissue alternate with thick-walled xylem tissue. 
Horizontal separation across the stem or growth zones is determined by 
the location of the irregular growth zones at the stem base, where fibers 
walls are narrower, and the relative extent and distribution of parenchy­
matous to fibrous tissue is altered. If rupture proceeds across the 
stem at one level only, the abscised surfaces are smooth and macro- 
resemble those produced by chemical abscission. In most plants, how­
ever, separation occurs at several levels across the abscission zone, 
thereby producing a mosaic of depressed and elevated blocks on the 
abscised ends. In others the vertical surfaces along the growth zones 
are smooth, but the horizontal ruptured tissue is jagged and rough. 
Observations indicate that degree of smoothness of the abscised sur­
faces was influenced by anatomy, degree of decay, and extent of des­
iccation of the plant axis.
It is concluded from these,studies, therefore, that abscission 
in kochia is a mechanical process. The factors found to contribute to 
abscission are» (l) force of the wind, (2) extent of desiccation, and 
(3) degree of decay. Each of these factors will now be discussed.
Force of the Wind
Widely spaced bushy plants effectively intercept the full force 
of the wind. In July the plants when green can withstand the force 
of winds 25-40 mph. When their foliage becomes dry and brown in 
September and October they abscise readily because they cannot withstand
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the force of such winds. Plants growing in dense stands decrease the 
wind velocity considerably at plant level, and also intercept less wind. 
Consequently, each plant is subjected to less stress and abscission is 
often delayed until winter or the following spring.
A wind velocity of approximately 25 mph, measured at 5 ft above 
ground, is the minimal velocity correlated with abscission. The actual 
velocity at plant height would be somewhat less. Wind velocity as 
affected by height above ground was studied by Heilman (1915) in Germany 
over a period of several months. His data, taken from over a meadow, 
indicated a decrease of 30-35% of wind velocity between the 5- and 1-ft 
levels. Over the bare surfaces of many fields of this study, however, 
the decrease of velocity would be expected to be less. Therefore, even 
at plant height the wind is capable of exerting considerable force.
The force exerted upon obstacles which are normal to the wind direction 
is given by the formula:




P = the pressure exerted by the wind 
K = is a constant 
B = barometric pressure in inches 
S = exposed surface area in sq. ft.
V2 = square of the wind velocity
The constant, K, depends upon the density of the air. If pressure is 
expressed in pounds per sq. ft., and velocity is measured in mph,
K is equal to 0.004. Thus, if the wind speed and barometric pressure 
were 10 mph and 30 inches, respectively, the pressure exerted on 1 sq 
ft would be 0.4 lb»; or, if the wind were 100 mph at the same baro­
metric pressure, the force would be 40 lb. The latter force would be
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sufficient to wreck ordinary buildings (Petterssen, 1958). Assuming 
total interception of the wind and an orientation of kochia plants at 
right angles to the wind, the approximate amount of force exerted by 
the wind can be calculated. A plant 2.5 X 2.5 ft would have an approx­
imate surface area of 5.0 sq ft. If a wind was blowing 30 mph at plant 
level, and barometric pressure was 30 inches, the total force exerted 
on the plant would bet
(0.004) (30) (5) (302)
P =  ........  ■ ■ .■■■— I
30
= 18.0 lb.
A velocity of 40 mph, which was measured in the field on 19 October,
1958 would increase the force considerably. The amount of force exerted 
on the same plant at this velocity would bet
(0.004) (30) (5) (402)
p  „  . ■....................... .■—
30
= 32.0 lb.
Plants are apparently subjected to such forces in the field. Rough 
measurements were made on six widely spaced bushy plants as winds gusted 
to 30 mph, determined at the 5-ft level. A spring scale was attached 
at the 1-ft level, and the force in opposition was measured by main­
taining the plant axis vertical to the wind direction. The character­
istics of the six plants, the forces measured in the field, and the 
forces calculated from the formula, are presented in Table 6. Maximum 
experimental values on three plants, each with 5 sq ft of surface area, 
were 18, 15, and 13 lb., while the maximum calculated value was 18 lb.
On a plant with 7.0 sq ft of surface area, the maximum recorded force 
was 22 lb., while the calculated value was 25.2 lb. Thus, the measured
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1 5.0 .27 18.0 lb. 18.0 lb. 67.0
2 5.0 .27 15.0 lb. 18.0 lb. 56.0
3 7.0 .49 22.0 lb. 25.2 lb. 45.0
4 3.0 .27 11.0 lb. 10.8 lb. 41.0
5 4.0 .24 10.0 lb. 14.4 lb. 42.0
6 5.0 .31 13.0 lb. 18.0 lb. 42.0
1 Expressed in sq ft
2 Expressed in sq inches
values were of the same general magnitude as the calculated values.
When senescent plants are bent by the wind the rigid stem acts as a 
force arm, and considerable forces are concentrated upon the abscission 
zone, which acts as a pivot point. Here, the tissues will either be 
under great tension or compression. Force moment values expressed in 
ft lb/in2 are presented in Table 6. The maximum force-moment values 
recorded during the peak gusts ranged from 41-67 ft lb/in2.
Extent of desiccation
The strength of ten green plants to ten apparently dry, brown 
plants was compared on 2 October, 1968 at a salt-affected lowland site 
in Grand Forks County. At the 1-ft level a spring scale was attached, 
and an increasing force normal to the plant axis was exerted on alter­
nate sides until the stem snapped. The mean force-moment value for the 
green stems was 61.3 ft lb/in^, that for the brown stems 27.2 ft lb/in2. 
Although these values appear to be significantly different, a compli­
cating factor was present. All of the dry stems were also discolored
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by fungi in the abscission zone, which suggests that decay may have 
significantly decreased certain strength properties. Koehler (1933) 
found that in early or incipient decay tensile or bending strength is 
the property most reduced in wood. Therefore, additional strength tests 
were conducted on plants collected while green from six sites in Grand 
Forks and Barnes Counties during July, August, and September. These 
plants, apparently free of fungal infection, were dried at room temper­
ature to the 4-6# moisture level. In the laboratory the spring scale 
was again attached at the 1-ft level, and a vise was used to anchor 
the root. The force-moments required to snap the 38 stems from the 
six sites were variable, ranging from 12.2-36.4 ft lb/in2, while the 
mean value was 21.7 ft lb/in2 (Table 7). The magnitude of these values 
are approximately only 50# of the values measured in the field at a 
wind velocity of 30 mph (Table 6). Therefore, if the plant axis is 
uniformly dry from the root through the stem, the wind exerts sufficient 
force to cause abscission. To determine if the reabsorption of water 
would enable the plant axis to regain its original strength, dried stems 
were soaked in water until moisture content of the plant axis reached 
at least 100$. After various intervals of drying, the strength in bend­
ing was determined. At moisture levels between 20-100# the stems were 
highly flexible, and could be bent 45° from the vertical plane without 
apparent damage to the abscission zone tissues. The mean force required 
to cause this deflection, however, was not significantly different from 
that required to rupture the abscission zone tissues of dry plants. At 
the 6-20# moisture level the tissue became increasingly rigid, and 
broke with a deflection of 15-20° from the vertical plane. Although 
the reabsorption of water by the tissue increased the flexibility of
108'


















No. 1, 1 Large 0.875 0.61 10.0 16.4
23 July 2 Large .625 .31 7.0 22.6
3 Small .687 .37 8.0 21.6
4 Small .687 .37 8.0 21.6
5 Small .750 .44 10.0 22.7
6 Large .790 .49 6.0 12.2
x = 19.5
No. 1, 1 Absent .560 .25 7.5 30.5
4 August 2 Medium .875 .61 15.0 24.6
3 Medium 1.000 .78 14.5 18.6
4 Medium .875 .61 18.5 30.3
x * 26.0
No. 2, 1 Medium .750 .44 11.0 25.0
12 Sept. 2 Medium .687 .37 13.5 36.4
3 Medium .720 .41 7.5 18.4
4 Medium .810 .52 9.5 18.5
5 Medium .780 .48 13.0 27.3
x = 25.1
No. 3 1 Small .687 .37 7.0 18.9
16 Sept. 2 Small .687 .37 7.0 18.9
3 Small .560 .25 4.0 16.3 \
4 Large .840 .55 10.5 19.0
5 Large .687 .37 5.0 13.5
x = 17.4
No. 4 1 Absent .600 .28 4.5 16.3
23 Sept. 2 Medium .600 .28 7.0 25.3
3 Absent .500 .20 5.3 26.8
4 Large .780 .48 8.8 18.3
2 = 21.7
No. 5 1 Absent .656 .40 10.0 29.5
27 Sept. 2 Absent .500 .20 4.0 20.4
3 Small .440 .15 3.0 20.0
4 Small .600 .28 4.5 16.3
5 Medium .625 .32 5.0 15.6
1 0 9 -
TABLE 7.— Continued
Site and No. of Knot Stem^ Basal2 Force 3Force-moments
Sampling Stems Size Diam Area (lb.) Basal Area
Date (n) (x)
No. 5 6 Medium 0.687 0.37 6.0 16.2
(continued) 7 Large .687 .37 6.0 16.2
8 Absent .720 .41 10.5 25.7
x = 20.0
No. 6 1 Absent .39 .12 2.0 16.7
2 October 2 Absent .44 .15 3.3 21.7
3 Absent .50 .20 5.0 25.5
4 Absent .28 .06 1.0 16.7
5 Absent .41 .13 3.5 26.9
6 Absent .44 .15 3.5 23.3
Total stems broken (£n);= 38 x = 21.8
Total force-moments/basal area (£c)= 811 ft lb/in^
Grand Mean (X)= x 811 : n 38 = 21.3
ft Ib/in^
 ̂ Expressed in inches
^ Expressed in sq inches 
^ Expressed in ft lb/in2
the plant axis, it did not restore the bending strength possessed by 
green plants prior to desiccation. It seems probable that the abscission 
zone tissues became damaged during the drying process. Differential 
shrinkage might be expected as water content decreases below the fiber 
saturation point because of the alternating layers of thick- and thin- 
walled cells of the vascular bundles and conjunctive tissue, respectively. 
The fiber saturation point has been defined as that moisture level in 
tissues when the free water has been removed from the cell cavities,
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leaving the cell walls completely saturated with water. In most woods 
it is approximately 78% (Brown, et al., 1949). If the thin walled 
cells shrink more than the thick-walled cells, tensions would be estab­
lished which could lead to tissue rupture. Stems which were sectioned 
in longitudinal or transverse planes and allowed to dry exhibited 
differential shrinkage between the layers of thin- and thick-walled 
cells. This shrinkage induced the formation of cracks between the 
growth zones (tangential parenchyma and vascular bundles) and across 
the growth zones (radial parenchyma and vascular bundles), and was more 
pronounced in the abscission zone than in adjacent plant axis regions. 
It was also more pronounced in decayed tissue than non-decayed tissue. 
It was difficult to determine, however, whether internal tissue ten­
sions, or sectioning actually initiated the ruptures. If no damage 
occurred in the drying process, it is difficult to explain the loss of 
bending strength upon the desiccation of abscission zone tissues, for 
it is known that dry wood increases in strength as moisture levels de­
crease below the fiber saturation point (Brown, e_t al»> 1949). A com­
ment by Koehler (1933) in reference to dry wood, however, seems perti­
nent to the present study. He mentioned that dry wood usually breaks 
more suddenly and to a greater degree than moist wood, and that dried 
wood when soaked is still more brittle upon bending than similar wood 
bent when green. There was no reference, however, to the possibility 
that certain poor dualities of wood (especially brash wood) might break 
under lower stresses when dry than when green.
Degree of Decay
Artificially abscised surfaces of dried, green plants in many 
respects were unlike those of plants found abscised in the field. The
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former were characterized by rougher surfaces, and the break had a more 
vertical component within the abscission zone. While the rupture on 
the tension side of the stem began in the abscission zone, the rupture 
on the compression side tended to occur in stem or root tissue.
The possible role of fungi in the abscission process was inves­
tigated through field and anatomical studies during 1967-68. In 1967 
extensive discoloration of 57 of 100 freshly abscised stems was observed 
at the Knutson field on 26 September, and 66 of 100 at the same site 
three days later. Eighty of the least discolored stems from the latter 
sample were sectioned, stained with cotton blue, and examined micro­
scopically. Heavy to moderate infestations with fungus mycelia were 
found in the abscission zone, including those bearing no visible evi­
dence of discoloration. There was only a slight infestation in the 
denser woody tissues of the root and stem. Many green plants from this 
site were also sectioned and examined, and most were infected to some 
extent. In October, 1968, 74 of 99 artificially abscised stems col­
lected at the Knutson and Anderson fields were discolored. During 
late September and early October of 1968 approximately 50 naturally ab­
scised stem ends, which exhibited no visible sign of infection, were 
collected at several sites in Grand Forks County. When these were ex­
amined microscopically only a slight infection, confined to the phloem, 
periderm, and outer 1-3 growth zones, was found in 29. Three stems were 
free of hyphae in all tissues interior to the periderm, indicating that 
abscission can occur without decay of the basal tissues by fungi. In 
the remainder of these 50 abscised stems, however, the fibers, vessels, 
and other tissues were heavily invaded.
Kochia plants grown in experimental plots which had been treated
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with a fumigant (formaldehyde) and a fungicide (Terrachlor) became 
infested in the abscission zone to the same extent as the surrounding 
plants within control plots which were not treated.
In infected stems the invasion of the mycelium was accompanied 
by degradation of the cell walls of the periderm, phloem, and the im­
mediately adjacent parenchymatous tissue rich in cellulose and pectic 
materials. Degradation was not detectable in the slightly to heavily 
lignified tissues such as the xylem and conjunctive tissue. The only 
evidence of deterioration here were a few small, pit-like holes in the 
cell walls. Thinning of cell walls of peripheral growth zones was ob­
served in heavily infected stems only. The fungus was isolated from 
the woody tissue, grown in pure culture on Sabouraud agar at a pH of 
6. Only asexual reproductive spores (chlamydospores) were produced by 
the mycelium, and identification to species was impossible. It was 
tentatively identified as a species of the genus Rhizoctonia, a common 
soil-inhabiting fungus. Vegetative characters believed to be character­
istic for this genus includet (l) the right-angled branches which are 
constricted where they arise from the main mycelium; (2) the general 
coarseness and the tawny or blackish color of the mycelium; and (3) the 
oval shape of the chalmydospores. Species of this genus are known to 
cause root rot in such crops as potatoes, alfalfa, and beets. One 
species causes the familiar black scab disease of potatoes (Walker, 
1952). Khan (1950) and Garrett (1963) found that species of Rhizoc­
tonia digest cellulose and pectin of cell walls. From the histochemical 
tests used in this study, there was no conclusive evidence of lignin
degradation in abscised kochia stems.
In early or incipient decay of wood, tensile or bending strength
-1 1 3 '
is the property most reduced (Koehler, 1933). Advanced stages of decay 
may affect other mechanical properties greatly, such as compressive 
strength and shear strength. To determine if the incipient decay of 
kochia affected the bending strength of the abscission zone tissues, 99 
plants were artificially abscised by pulling on a spring scale with a 
1-ft force arm. The results are given in Table 8.
TABLE 8.— Mean force-moments required to cause abscission in heavily 









Anderson Field. October 14. 1967
50 36 21.95 ft lb. 8 34.8 ft lb. 6 29.7 ft lb.
Knutson Field. October 28. 1967
49 37 15.00 ft lb. 3 24.8 ft lb. 9 16.2 ft lb.
Totals and Means
99 73 18.42 ft lb. 11 32.04 ft lb. 15 21.6 ft lb.
Number of stems in each color classification
The discolored stems broke at lower force-moments (21.95 and 
15.0 ft lb/in2) than the normal-colored stems (34.8 and 24.8 ft lb/in2). 
This difference may have been caused by lower moisture levels in the 
discolored and higher moisture levels in the normal-colored. This 
would significantly increase the strength of the normal-colored stems 
relative to the discolored stems. The plants at the Knutson field,
however, were sampled on 28 October, when uniform moisture levels would 
be expected in all plants. By this time the plants had been brown for 
2-3 weeks, and had been exposed to several killing frosts, which tend 
to desiccate plant tissue. In addition, three discolored stems in the 
Knutson field abscised at force-moments of 7.4, 6.5, and 6.1 ft lb/in2, 
values considerably less than the lowest value obtained from the non- 
infected, dried, green stems (12.1 ft lb/in2). It appears, therefore, 
that incipient decay in kochia decreases the bending strength of the 
woody tissue, thereby enabling the wood to break across the grain more 
easily. This at least partially explains the smoother surfaces more 
often observed in discolored rather than normal-colored abscised stems.
Summary of Abscission
Abscission in Kochia scoparia is a mechanical process. It occurs 
within an anatomically weaker area at the base of the stem. In the 
autumn during senescence the plant axis gradually becomes dehydrated 
and the abscission zone usually becomes invaded by the mycelium of at 
least one species of soil-inhabiting fungus fRhizoctonia). As dehy­
dration continues the stem becomes rigid and the abscission zone tissues 
become brash, largely as a result of the desiccation, and to a lesser 
degree by degradation of the cell wall components by fungi. When the 
wind blows against the bushy plant, the stem acts as a force arm which 
directs the stress toward the abscission zone. Force-moments up to 60 
ft lb/in2 may be exerted upon the basal stem tissues by a plant 2.5 X 
2.5 ft intercepting a 30 mph wind. Whether abscission occurs, depends 
upon the force of the wind and extent of dehydration of the plant tis­
sue. The fungus infection seemingly facilitates abscission only by 
decreasing the force required to rupture the plant tissue.
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SUMMARY
Approximately twenty two species of angiosperms in North Dakota 
are characterized by a tumbleweed habits Five of these species have 
not been previously reported as tumbleweeds: Atriplex arqentea. 
Corispermum nitidum, Erysimum asperum. Kochia scoparia. and Sal sola 
collina. Although some tumbleweeds are characteristic of native grass­
lands, most are found in disturbed areas either of natural or human 
origin. In such areas of North Dakota they were of greater diversity 
and more ecologically dominant in regions of sandy or salt-affected 
soils.
A perennial tumbleweed, Psoralea arqophvlla (silver leaf psoralea), 
is a major forb in most native grasslands of North Dakota. Here, its 
presence, distribution, and density is apparently related to such 
factors as soils, moisture, topography, nutrients, grazing, fire, and 
competition. Situations or practices associated with an abundance of 
silver leaf psoralea include: (l) areas dominated by late-maturing 
grasses such as Andropoqon qerardi. Andropoqon scoparius. Bouteloua 
gracilis, and Stipa comata; (2) areas of well-drained sandy soils on 
level to undulating topography (Kidder County); (3) moderate grazing 
by cattle and moderate to heavy grazing by sheep; (4) clipping of 
grassland communities during May, prior to the period of maximum growth 
of silver leaf psoralea. Situations or practices associated with a 
paucity of this species include: (l) areas of heavy soils on rough 
topography (particularly the Badlands); (2) areas of sandy loam soils
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on dunal topography in Ransom and Richland Counties; (3) areas dominated 
by early-maturing grasses such as Aqropyron smithii, Poa pratensis, and 
Carex filifolia; (4) clipping in June or July during the maximum period 
of growth; (5) application of nitrogen fertilizer to native grassland; 
(6) overgrazing by cattle over an extended period of time. The abun­
dance of silver leaf psoralea in light-textured soils may be related 
to better moisture conditions in the subsoil, which would favor this 
deep-rooted species. The increase in density under moderate grazing 
can be attributed to decreased competition by the grasses. The decrease 
in density under application of nitrogen may be related to increased 
growth of the highly competitive cool-season grasses.
Aggregation in native grasslands was found to be affected bys (l) 
soil and topography; and (2) grazing by sheep and cattle. Silver leaf 
psoralea tends to be distributed as widely-spaced plants in areas of 
uniform soils and topography, but tends to form societies in areas of 
irregular soils and topography. Under moderate grazing by cattle, and 
both moderate and heavy grazing by sheep, there was evidence of wide­
spread expansion of societies to the extent that the social distri­
bution became obscurred.
Adaptive characteristics which enable silver leaf psoralea to 
thrive in certain native grasslands include the followings (l) basal 
lateral buds, which may initiate new shoots after the primary shoot 
has been destroyed; (2) deep root system and large tap root for storage 
of food reserves; (3) dormancy of roots during periods of physiological 
stress (late summer or extended drought periods); (4) partially un­
palatable foliage, which is expanded over the tops of the shorter 
grasses, thus enabling the plant to avoid shading; and (5) initiation
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of buds on the extensive lateral roots, through which vegetative 
reproduction occurs.
Abscission in silver leaf psoralea is a chemical process which 
occurs within a intercalary meristem located at the basal n o d e s  of 
the stem. During senescence a separation layer differentiates across 
the intercalary meristem and insoluble pectic compounds are changed 
into soluble forms. This is followed by meristematic activity, atten­
uation of cell walls, and finally by cell separation. The process 
fundamentally resembles that described for abscission of angiosperm 
leaves (Sampson, 1918; Facey, 1950). Abscission is unusual, however, 
in that: (l) two separation layers, rather than one are typically 
formed; (2) the protective layer does not form adjacent to t h e  separation 
layer, but rather some distance underground at the stem-root junction; 
and (3) there is no apparent adaptive value of the process because of 
the reduced fertility of the mature plants and failure of y o u n g  seed­
lings to become established.
Kochi a scoparia (kochia) has spread rapidly throughout North 
Dakota during the 1930's and 1940's and currently is the most: common 
annual tumbleweed found in disturbed sites. It thrives particularly 
in drouth- or salt-affected soils, where its roots can apparently ab­
sorb water not available to most other weeds or crop plants. Aside 
from its tumbleweed habit, adaptive characteristics which con-tribute 
to its success in disturbed habitats include: (l) the rapid growth 
rate and large size; (2) tolerance to a wide variety of e d a p h i c  con­
ditions; (3) the extensive root system; and (4) tolerance to many weed
control methods.
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In contrast to silver leaf psoralea, abscission in kochia is a 
mechanical process. It occurs within a structurally weakened area at 
the base of the stem. Factors contributing to the weakness of this 
basal stem region (abscission zone) are: (l) basal knots and cross 
grain; (2) increase of parenchymatous tissue relative to fibrous tis- 
ue; (3) reduction of width of the fiber walls; (4) relative change of 
distribution of parenchymatous to fibrous tissue; and (5) reduction of 
lignification. Factors which determine the onset of abscission includes 
(l) the force of the wind; (2) extent of desiccation of the plant axis; 
and (3) extent of decay, airing senescence in late September to early 
October the plant axis becomes dehydrated; consequently the abscission 
zone tissues become brash or brittle. Concomitant invasion of a fungus 
into the abscission zone during this period may cause incipient decay, 
which further decreases the strength of this basal tissue. Green 
plants can withstand force-moments up to 67 ft lb/in2 directed upon 
their basal stem tissues. However, when plants are dried to the 5-10% 
moisture level, they can be abscised at force-moments between 20-30 
ft lb/in2. This amount of stress can easily be exerted by a wind of 
25 mph, which is the velocity at which abscission is observed in the 
field. If decay has occurred in the abscission zone for several weeks 
the magnitude of the force required to cause abscission may be reduced 
by approximately 50%.
Future studies of silver leaf psoralea could involve: (1) a 
study of the anatomy of the lateral and tap root systems; (2) a com­
parison of subsoil moisture between colonized and noncolonized portions 
of grassland communities; (3) factors affecting the fertility of mature 
plants, and the survival of the seedlings; and (4) internal factors
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regulating abscission. Future studies in Kochia scoparia might involve 
(l) determination of osmotic pressures of root cells; (2) determination 
of salt tolerance; (3) determination of the factors responsible for 
variation in degree of pubescence and autumnal coloration; and (4) de­
termination of the relationship between the salt-affected moist soils, 
the dense growth of soil fungi found in such areas, and the stem can­
kers and witches brooms found on kochia in such soils.
APPENDIX I
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ECOLOGY: Moderately grazed native cattle pasture. Grazed for 80-90 days 
by 25-30 AU, Large, dense societies are present. Small societies 
have coalesced in one area to form a patch 200-300 ft in diameter,
SOIL: Loam with scattered boulders. Developed on a gentle, 2$ west-facing 
slope,
TRANSECT SOCIETY DIAMETER: 30 X 45 ft
DENSITY OF SOCIETIES IN PASTURE: 8.7 stems/.25 m2, based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT: 27 IN SOCIETY 34
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT: Petalostemmn 
purpureum, Petalostemum oandldum, Hellanthus rlgidus. Campanula 
rotundifolia, Solidago nemoralis, Orthocarpus luteus. Potentllla sp
SITE 1 j GRA ZED-27 July, 1966
LOCATION: Sec 12, T 142 N, R 60 W, Barnes County, North Dakota
Species 4 Cover (nV n2) Rel. Cover 1
Psoralea argophylla 52.70 35.20
Andropogon scoparius 24.40 16.30
Poa pratensis 15.30 10.22
Antennaria microphylla 14.80 9.89
Bromus inermus 8.40 5.61
Ratibida columnifera 7.40 4.94
Panicum virgatum 4.30 2.87
Aster ericoldes 3.30 2.20
Antennaria neglects 2.90 1.94
Ambrosia coronopifolia 2.80 1.87
Astragalus missourensis 1.80 1.20
Achillea lanulosa 1.70 1.14
dolidago sp. U7 0 1.14
Oenothera serrulata 1.20 0.80
Artemisia frigida 1.10 .73
Spartina pectinata 1.00 .67
Agropyron repens 0.90 .60
Anemone canadensis .80 .53
Linum rigidum .80 .53
Koeleria cristata .70 .47
Artemisia ludoviciana .60 .40
Zizia aptera .30 .20
Rudbeckia serotina .30 .20
Elaeagnus commutata .20 .13
Elvmus canadensis .10 .07
Sisyrinehium montanum .10 .07
Cirsium undulatum .10 .07
Bare Ground 11,20
N1 Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N2 Total length of transect (1,000 ora)
N^ Sum of the crown cover* basal cover, intercepts (1497 cm)
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ECOLOGY; Moderately grazed native cattle pasture. Grazed for 80-90 days 
by 25-30 AU, Large, dense societies are present. Small societies 
have coalesced in one area to form a patch 200-300 ft in diameter,
SOIL: Loam with scattered boulders. Developed on a gentle, 2# west-facing 
slope,
TRANSECT SOCIETY DIAMETER: 30 X 45 ft
DENSITY OF SOCIETIES IN PASTURE: 8.7 stems/.25 m2, based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT: 27 IN SOCIETY 34
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT: Petalostemum 
purpureum, Petalostemum oandidum, Helianthus rlgldus. Campanula 
rotundifolla, Solldago nemoralis. Orthocarpus luteus, Potentllla sp
Species i Cover (nV n2) Rel, Cover (nV n3)
SITE It GRAZED-27 July, 1966
LOCATION: Sec 12, T 142 N, R 60 W, Barnes County, North Dakota
Psoralea argophylla 52.70 35.20
Andropogon sooparius 24.40 16.30
Poa pratensis 15.30 10 .22
Antennaria miorophylla 14.80 9.89
Bromus inermus 8.40 5.61
Ratibida columnifera 7.40 4.94
Panicum virgatum 4.30 2 .8 7
Aster ericoldes 3.30 2.20
Antennaria neglecta 2.90 1.94
Ambrosia coronopifolia 2.80 1.87
Astragalus missourensis 1.80 1 .2 0
Achillea lanulosa 1.70 1.14
8olidago sp. U 7 0 1.14
Oenothera serrulata 1.20 0.80
Artemisia frigida 1 .1 0 .73
Spartina pectinata 1.00 .6 7
Agropyron repens 0.90 .60
Anemone canadensis .80 .53
Linum rigidum .80 .53
Koeleria cristata .70 .47
Artemisia ludoviciana .60 .40
Zizia aptera .30 .20
Rudbeckia serotina .30 .20
Elaeagnus oomrautata .20 .13
Elymus canadensis .10 .07
Sisyrinchium montanum .10 .07
Cirsium undulatum .10 .07
Bare Ground 11.2 0
N1  Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N^ Total length of transect (1,000 cm)
N^ Sum of the crown cover* basal ooverr intercepts (1^97 cm)
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LCCATIONi Sec 12, T 142 N, R 60 W, Barnes County, North Dakota
ECOLOGYt Native prairie which has been ungrazed for at least the past 
20 years, except for sporadic fall grazing. It is heavily mulched 
and small, widely scattered societies are present.
SOIL: Loam with scattered boulders. Developed on a gentle 4$ west­
facing slope,
TRANSECT SOCIETY DIAMETER t 30 X 50 ft
DENSITY OF SOCIETIES: 5.0 stems/.25 m2, based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT: 16 IN SOCIETY 27
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT: Allium sp., 
Liatris scariosa, Elaeagnus commutata, Ascleplas sp., Oenothera 
serrulate, Glycyrrhiza lepidota, Tragopogon dubius. Andropogon 
scoparlus, Ratiblda columnlfera, Brauneria angustlfolla. Aster 
erlooides
SITE It UNGRAZED-18 August, 1966
Species t Cover Rel. Cover (nV n ^)
Poa pratensls 32.0 23.08
Artemisia ludoviciana 24.5 17.6 8
Stipa comata 24.5 17 .6 8
Psoralea argophylla 17.7 12.77
Stipa viridula 13.8 9.96
Ambrosia eoronopifolia 7.9 5.70
Rosa arkansana 4.5 3.25
Solidago missouriensis 4.2 3.03
Agropyron smithii 3.9 2.81
Laotuca pulchella 2 .2 1.59
Petalostemum purpureum 1.0 0.72
Panlcum virgatum 1.0 .72
Artemisia frigida 0.4 .29
Potentilla sp. .4 .29
Anemone canadensis .3 .22
Melilotus officinalis .3 .22
Bare Ground 28.7
N'*' Length of the transect line intercepted by the crowns of the 
? forbs or basal tufts of the grasses (cm)
N; Total length of transect (1,000 cm)
N^ Sum of the crown cover,&ba.$al cover intercepts (1386 cm)
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ECOLOGY* Moderately grazed native cattle and sheep pasture, which has 
been grazed as such until 1963. Since then ungrazed, but heavy 
mulch has not yet accumulated. Several high-density, small societies 
are present on this mid- to low-prairie site.
SOU* Loam with scattered boulders. Developed on a 2-4$ slope near the 
base of a kettle.
TRANSECT SOCIETY DIAMETER* 18 X 12 ft
DENSITY OF SOCIETIES* 6.05 stems/.25 m2, based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT* 26 IN SOCIETY* 29
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT* Solldago 
altlssima, Liatris scarlosa. Symphorlcarpos occidentalls
Species $ Cover (nV n2) Rel, Cover (nV n )̂
SITE 2: GRAZED-5 August, 1966
LOCATIONi Sec 14-, T 142 Nf R 6o W, Barnes County, North Dakota
Poa pratensis 37.7 24.12
Psoralea argophylla 37.4 23.94
Aster ericoides 17.0 10.88
Artemisia ludoviciana 9.1 5.83Ratifcida columnifera 6.4 4.10
Petalostemum purpureum 6.1 3.91Stipa viridula 5.6 3.59
Andropogon scoparius 5.3 3.39
Helianthus rigidus 5.3 3.39
Ambrosia coronopifolia 4.5 2.88
Bouteloua gracilis 3.1 1.98
Cirsium undulatum 2.7 1.73
Solldago sp. 2.5 l.6o
Stipa comata 2.3 1.47
Artemisia frigida 2.1 1.34
Agropyron smithii 1.7 1.09
Rosa arkansana 1.5 0.96
Panicum virgatum 1.5 .96
Spartina pectinata 0.8 .51
Astragalus sp. .8 .51
Achillea lanulosa .8 .51
Gaillardia aristata .6 .38
Equisetum sp. .5 .32
Hordeum .iubatum .4 .26
Anenome canadensis .3 .19fcoeleria cristata .2 .13
Bare Ground 33.6
N1 Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N^ Total length of transect (1,000 cm)
N-' Sum of the crown cover# basal cover,intercepts (1386 dm)
- 1 2 4 -
SITE 2s UNGRAZED- 31 July, 1966
ECOLOGY: Native prairie which has only been sporadically grazed in May 
or September during the past 20 years. It was never grazed for 
an entire season during this period. A thick mulch is present 
and societies are low-density and small. This area occupies the 
same topographic position as the grazed portion of the site.
SOIL: Loam with scattered boulders. Developed on a 2-4# slope near 
the base of a kettle
LOCATION: Sec 14, T 142 N, R 60 W, Barnes County, North Dakota
TRANSECT SOCIETY DIAMETER: 10 X 25 ft
DENSITY OF SOCIETIES: 3.15 stems/.25 m2. based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT: 18 IN SOCIETY: 20






















% Cover (N1/N2) Rel, Cover ( N ^ N 3)
47.0 38.60
18.0 14.79

















N^ Length of the transect line intercepted by the crowns of the 
2 forbs or basal tufts of the grasses (cm)
BC Total length of transect (1,000 cm)
Sum of the crown cover it basal cover ( n o t  bare ground^ intercepts 
(1817 cm)
- 1 2 5 -
ECOLOGY: M o d e r a t e l y - g r a z e d  n a t i v e  c a t t l e  p a s t u r e  ( n o ,  1 6 ) ,  g ra z e d  f o r  
1 4 0  d a y s  e a c h  s e a s o n .  T h ere  i s  a c o n t in u o u s  d i s t r i b u t i o n  o f  
s i l v e r  l e a f  p s o r a l e a ,  a s  no s o c i e t i e s  w ere  d i s t i n g u i s h a b l e ,
S O IL : T e n v ik  s i l t  lo a m  on  u n d u la t in g  t o  n e a r l y  l e v e l  topo graph y
DEN SITY OF UNIFORMLY-SPACED SILVER LEAF PSORALEA STEMS: 5 ,1 3  s t e m s / . 2 5  m2 , 
b a s e d  on  e i g h t  q u a d r a t s
NUMBER OF S P E C IE S  IN  TRANSECT: 2 1  IN ADJACENT AREA: 25
SITE 3 1 GRAZED- 19 July, 1966
LOCATIONi Northern Great Plains Field Station, Mandan, North Dakota
S P E C IE S  PRESENT NEARBY BUT NOT ENCOUNTERED IN TRANSECT: B ra u n e r la
a n g u s t l f o l l a .  A m orpha c a n e s c e n s ,  E r ig e r o n  s p , , C lr s iu m  un du latum
S p e c i e s  i  C o v er ( nV n2 ) R e l ,  C over (N1 / V ? )
B o u t e l o u a  g r a c i l i s  
C a r e x  f i l i f o l l a  
P a n ic u m  w i lc o x ia n u m  
P s o r a l e a  a r g o p h y l l a  
S t i p a  c o m a ta  
A g r o p y r o n  s m l t h l i
X r l s t l d a  l o n g l s e t a  
A r t e m i s i a  f r i g l d a  
K o e l e r i a  c r i s t a t a  
A r t e m i s i a  l u d o v i c i a n a  
P o l y g a l a  a l b a  
R a t i b i d a  c o l u m n l f e r a  
A s t e r  e r l c o i d e s  
A s t r a g a l u s  c a r y o c a r p u s  
M u h le n b e r g la  c u s p i d a t a  
A r t e m i s i a  g l a u c a  
L y g o d e s m ia  . ju n c e a  
L a c t u c a  p u l c h e l l a  
L in u m  r i g l d u m  
S o l l d a g o  m o l l i s  
S c h e d o n n a r d u s  p a n i c u l a t u s  
B a r e  G ro u n d
N1  L e n g t h  o f  t h e  t r a n s e c t  l i n e  i n t e r c e p t e d  b y  th e  crow ns o f  t h e  
f o r b s  o r  b a s a l  t u f t s  o f  th e  g r a s s e s  (cm )
N2  T o t a l  l e n g t h  o f  t r a n s e c t  ( 1 ,0 0 0  cm)
n3  Sum  o f  t h e  c ro w n  cover*b a s a l  c o v e r  ( n o t  b a r e  ground) i n t e r c e p t s  
( 8 1 3  cm)
2 4 .5 3 0 .1 4
1 5 .4 1 8 .9 4
1 3 .0 1 5 .9 9
9 .8 1 2 .0 5
4 . 2 5 .1 7
3 .0 3 .6 9
3 .0 3 .6 9
1 .2 1 .4 6
1 .0 1 .2 3
0 .9 1 .1 1
. 9 1 .1 1
.8 .98
.8 .9 8
. 7 .8 2
. 5 .6 2
. 4 .4 9
. 3 .3 7
.3 .3 7
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LOCATION! Northern Great Plains Field Station, Mandan, North Dakota
ECOLOGY! This exclosure was established in 1958 within a moderately- 
grazed cattle pasture (no, l6). Silver leaf psoralea was conspic­
uously less dense here than in the pasture. Heavy mulch was present. 
Exclosure size was $2X32 ft.
SITE 3 j EXCLOSURE- 19 July, 1966
SOILi Tenvik silt loam on undulating to nearly level topography
DENSITY OF WIDELY SCATTERED SILVER LEAF PSCRALEA STEMS! ,88 stems/.25 m2, 
based on eight quadrats
NUMBER OF SPECIES IN TRANSECT! 17 IN EXCLOSUREi 18
SPECIES PRESENT IN EXCLOSURE BUT NOT ENCOUNTERED IN TRANSECT! Ratiblda 
columnlfera
Species % Cover (nV n^) Rel, Cover (nV n^)
Carex f i l i f o l i a  
Bouteloua gracilis 
Stipa comata 





























N^ Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N~ Total length of transect (1,000 cm)
N^ Sum of the crown cover A basal cover (not bare grouncj intercepts 
(863 cm)
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SITE 3 i UNGRAZED-20 July, 1966
LOCATIONi Northern Great Plains Field Station, Mandan, North Dakota
ECOLOGY: A native prairie which has been ungrazed since 1916, Societies 
of silver leaf psoralea are small, widely spaced, and of low- 
density. The area is heavily mulched,
SOIL: Tenvik silt loam on nearly level topography
TRANSECT SOCIETY DIAMETER: 20 X 15 ft
DENSITY OF SOCIETIES: 2.0 stems/.25 m2, based on eight quadrats
NUMBER OF SPECIES IN TRANSECT: 15 IN SOCIETY 17
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT: Braunerla 
angustifolium and Clrslum undulatum
Soecles i Cover (NVW2) Rel. Cover (nV n3)
C a r e x  f i l l f o l l a  
S t i p a  com ata 
L a c t u c a  p u lc h e l la  
P s o r a l e a  a r g o p h y l la  
B o u te lo u a  C T a c i l i s  
A r t e m is ia  f r i g i d a  
A r t e m is ia  l u d o v ic i a n a  
A r l s t i d a  l o n g ! s e t a  
A r t e m is ia  g la u c a  
A s t e r  e r i c o i d e s  
S o l ld a g o  m o l l i s  
M u h le n b e rg ia  c u s p id a t e  
S t i p a  v i r l d u l a  
R a t l b l d a  c o lu n m ife ra  
A g ro p y ro n  s m it h l i  

















N* Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N^ Total length of transect (1,000 cm)
N^ Sum of the crown cover A basal cover (not bare ground) intercepts 
(759 cm)
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LOCATION! Theodor© Roosevelt National Memorial Park, South Unit, Sec 
23, T 140 N, R 102 W, Billings County, North Dakota
ECOLOGYi Native prairie ungrazed since 1948 when the Park was established. 
It was grazed prior to this time rather heavily at a rate of five 
acres/AU, Silver leaf psoralea is found in small, widely scattered 
societies,
SOILt Silt loam developed on nearly level upland
SITE 1*1 UNGRAZED-22 July, 1966
TRANSECT SOCIETY DIAMETER: 30 X 20 ft
DENSITY OF SOCIETIES! 2,13 stems/,25 m^, based on 8 quadrats 
NUMBER OF SPECIES IN TRANSECT: 13 IN SOCIETY: 18
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECT: Mamlllarla 
vlviparia. Lygodesmia juncea, Polygala alba, Sphaeralcea cocclnea, 
Oxytropis sp.





























forbs or basal tufts of the grasses (cm)
N~ Total length of transect (1,000 cm)
N^ Sum of the crown cover* basal cover (not bare ground) intercepts 
(?21 cm)
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SITE 5: GRAZED- 23 July, 1966
LOCATION! Sec 7# T 132 N, R 101 W, Bowman County, North Dakota
ECOLOGY! This native pasture is classified as being somewhat intermediate 
between heavily grazed and moderately grazed. Little mulch is 
present and few decreasors are present. Some silver leaf psoralea 
societies are coalescent, and form large patches of widely-spaced 
individuals on higher topographic positions. Other societies are 
small and isolated,
SOIL i Fine sandy loam developed on rolling topography
TRANSECT SOCIETY DIAMETERj 13 X 8 ft
DENSITY OF SOCIETIESi 2,65 stems/.25 m2 quadrats, based on 20 quadrats
NUMBER OF SPECIES IN TRANSECT« 8 IN SOCIETY! 9
SPECIES PRESENT IN SOCIETY BUT NOT ENCOUNTERED IN TRANSECTi Clrsium 
undulatum
Species # Cover (nV n^) Rel, Covgr (nV n )̂
Bouteloua gracilis 2h,3 27.87 
Stlpa spp. (comata & viridula) 15,7 18,00 
Carex filifolia 15.5 1?.?8 
Psoralea argophylla 16,h 18,81 
Artemisia friglda 14,0 l6,06 
Agropyron smithll 1.1 1 .2 6  
Aster ericoidea 0.2 0.23
Bare Ground 2h,5
Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N? Total length of transect (1,000 cm)
IP  Stun o f  t h e  crow n c o v e r  4  b a s a l  c o v e r  ( n o t  b a r e  g ro u n d  i n t e r c e p t s  
(872 cm)
1 3 0 -
ECOLOGT: Moderately grazed native pasture on gently undulating 
topography. For the past 10 years it has been grazed by 120 
ewes for 150 days each season: prior to this period it had 
been grazed by cattle. On higher topographic sites the societies 
have coalesced to form patches of 5 acres or more of silver leaf 
leaf psoralea. Isolated societies were found in lower topographic 
positions. Plants were large and bushy,
SOIL: Loam on higher topographic positions, with silt to clay loams on 
lower positions. Many small depressions bare of vegetation were 
present in the latter positions. These are areas of Solonetz 
soils (salt-affected soils with clay pan development),
TRANSECT SOCIETY DIAMETER: Over five acres, a representative portion 
was sampled,
DENSITY OF SOCIETY: 7,75 stems/.25 m2, based on 16 quadrats
SPECIES PRESENT NEARBY BUT NOT ENCOUNTERED IN TRANSECT: Aster erlcoides 
and Artemisia ludoviciana
NUMBER OF SPECIES IN TRANSECT: 14 IN SOCIETY: 16
Species # Cover (nV n2) Rel, Cover (N~*~/N̂ )
SITE 6: GRAZED-24 July, 1966
LOCATION: Sec 14, T 136 N, R 100 W, Slope County, North Dakota
Bouteloua gracilis 47.1 37.53
Psoralea argophylla 38.5 31.02
Stipa spp. (comata & viridula) 12,1 9.75
Artemisia frigida 7.5 6.00
Festuca octoflora 6.6 5.32
Cirsium undulatum 2.6 2.10
Carex filifolia 1.9 1.53
Phlox hoodii 1.9 1.53
Agropyron smithii 1.7 1.37
Koeleria cristata 1.4 1.13
?lantago purshii 1.3 1.05
Sphaeralcea coccinea 1.2 0.97
feedeoma kispida 0.2 0 .16
Opuntia fragilis .1 .08
Bare Ground 13.1
Nl Length of the transect line intercepted by the crowns of the 
forbs or basal tufts of the grasses (cm)
N^ Total length of transect (1,000 cm)
N^ Sum of the crown cover*basal cover (not bare ground)intercepts 
(1241 cm)
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APPENDIX II
A r t i f i c i a l  A b s c is s io n  o f  Dry Kochi* Stems i Anderson Field
O ctober 14, 196?
Do. Stem  D le n  B a s a l A re a  Type o f  C o lo r  o f  Force F t lb / in 2 
(n )  ( ln e h e s )  ( in c h e s )  Break1 B re a k  ( lb )  ( x )
1 0.3 9 0 .12 R
2 .79 .49 R
3 .7 5 .44 R
4 .59 .27 SR
5 .4 ? .17 SR
6 .79 .49 ?
7 .7 1 .40 SR
8 .59 .27 R
9 .71 .40 S
10 1 .1 8 1.09 SR
1 1 1 .0 0 .78 R
12 .63 .31 SR
13 1 .0 0 .78 R
14 .39 .1 2 SR
15 .3 9 .1 2 S
16 .79 .49 S
17 .71 .40 S
18 .79 .49 SR
19 .63 .31 SR
20 .7 9 .49 SR
21 .79 .49 S
22 .79 .49 SR
23 .7 9 .49 SR
24 .71 .40 SR
25 .63 .31 SR
26 .7 9 .49 SR
S •I9.63 .2 7.31 SRS
29 .71 .40 R
30 .63 .31 R
31 .8 7 .59 S
32 .8 7 .59 7
33 .8 7 .59 SR
34 1.0 0 .78 R
35
CD• .59 SR
36 .7 9 .49 SR
37 .9 4 .69 SR
38 .9 4 .69 R
39 .9 4 .69 R
40 .7 9 .49 7
4 l .4 7 .17 R
42 1.18 1.09 R
43 1.00 .78 R
44 1.00 .78 SR
45 .79 .49 R
46 .71 .40 S
47 .7 9 .49 SR
43 .9 4 .69 S
49 1.18 1.09 SR
50 .94 .69 SR
X 1258.25 .
55
1/2 B lk 5-10 41.7-83.0
3/4 B lk 15-20 30.6-40.8
1/6 B lk 15 34.0
9/10 B lk 5-10 18.5 -37.0
B lk 2-3 11.8-17.7
C le a r > 25 > 5 1 .0
B lk 5-10 12.5 -25.0
B m 10 37.0
3/4 B lk 7 17.5
B lk 20-25 18.4 -22 .9
1 /4  B lk 15-20 19.2 -25.0
B lk 10 32.3
B r n -B lk 25 32.0
B lk 3 25.0
B lk 3 25.0
B lk 10 20,4
B lk 8 20.0
3/4 B lk 10 20.4
B lk 8 25.8
B lk 8 16.3
B lk 10 20,4
B lk 7 14.3
B lk 10 20.4
B lk 4 10.0
3/4 B lk 5 1 6 .1
B r n -B lk 7 14.3
3/4 B lk 10 37.0
B lk 6-7 19.4 -2 2 .6
1 /8  B lk >20 > 5 0 .0
1 /2  B lk 10 32.3
B lk 15 25.4
1/2 B lk 12-14 20.0 -2 3 .7
3/4 B lk 6-10 1 0 .2 -1 6 .9
C le a r 15 19.2
B lk 15 25.4
B lk 1-2 2 .0 -4 .0
3/4 B lk 14-15 2 0 .3 -2 1 .7
C le a r >25 > 36.2
C le a r >25 > 3 6 .2
1/2 B lk 5-10 1 0 .2 -2 0 .4
C le a r 5 29.4
1/2 B lk 20-25 1 8 .4 -2 2 .9
1/2  B lk 15-25 1 9 .3 -3 2 .0
B lk 15 19.2
3/4 B lk 15 30.6
B rn 7 17.5
B lk 15 30.6
B lk 15 21.7
3/4 B lk 18-19 1 6 .5 -1 7 .4
B lk 15 21.7
25.17 f t  lb / ln ' i x ■ 1258.25
1 R e fe rs  to  w h e th e r th e  a b s c ise d  s u r fa c e  i s  rou*h (R ). 
o r  In te rm e d ia te  (SR )




Stan M a n  
(In ch a s )
B a sa l Ansa
(ln o h a s )
Typa
Braa]
1 0.79 0.99 a
2 1.00 .78 SR
3 .69 .37 R
9 > 9 .19 SR
5 .89 .62 R
6 1.10 .95 SR
7 1.00 .78 S
8 .59 .27 SR
9 1.00 .78 SR
10 .39 .12 S
11 .79 .99 SR
12 1.10 .95 SR
13 1.90 1.59 SR
i i .59 .27 SR
15 1.10 .95 SR
16 .59 .27 SR
17 .59 .27 SR
18 .69 .37 SR
19 1.18 1.09 SR
20 1.38 1.99 SR
21 .79 .99 SR
22 .88 .6 1 SR
23 .79 .99 SR
29 .59 .2 7 SR
25 .59 .2 7 SR
26 .39 .12 R
2? .39 .12 SR
28 .79 .99 R
29 1.38 1.99 S
30 .59 .27 S
31 .59 .27 S
32 .79 .99 S
33 1.38 1.99 SR
39 1.00 .78 SR
35 1.18 1.09 S
36 1.00 S
37 .79 .99 SR
38 .79 .99 S
39 .59 .27 SR
*K> .69 .37 SR
91 .69 .3 ? R
92 1.18 1.09 S
93 .79 .99 SR
99 .79 .99 S
95 .79 .99 SR
96 .99 .19 SR
97 .59 .27 SR
98 .89 .62 S
99 .59 .27 SR
X  * -15.
1 R a fa rt  to  w hathar tha abacitad  
or in ta m a d ia ta  (SR)
i f  C o lo r  o f  Foroa F t  lb / ln 2
Braalc ( l b )  (* )
Brn-Rad 5 .0 10.2
E lk 10.0 12.5
B lk 7.0 18.9
B lk -R ad 9 .0 21.3
Rad 9.0 6 .5
B lk -R ad 8 -9 8 .9 -9 .9
2/3 B lk 12.0 15.0
B lk 9 .0 19.8
3/9 B lk 10-15 1 3 .0 -1 9 .0
B lk 3.0 25.0
B lk 6.0 12.2
3/9 B lk 15-17 1 5 .8 -1 7 .9




9 .7 -1 2 .3
11.0
3/9 B lk 7.0 7.9
3/9 B lk 5.0 18.5
B lk 2 .5 9 .3
B lk 10.0 27.0
B lk 20.0 13.3
1/2 B lk 16 .0 10.7
1/2 B lk 10.0 20.9
3/9 B lk 7.0 11 .5
3/9 B lk 6.0 12.2
3/9 B lk 2 .5 9.3
B lk 5.0 18.5
3/9 B lk 3.0 25.0
B lk -R a d 9 .0 33.3
B B lk 5.0 10.2
B lk 15.0 10.0
1/5 B lk 5.0 19.5
B lk -B rn 5.0 18.5
B lk 7.0 19.3
B lk 17-15 1 1 .9 -1 2 .1
1/2 B lk 16-17 2 0 .0 -2 2 .0
3/9 B lk 17.0 15.6
9/5 B lk 18.0 23.0
1/2 B lk 8 .0 16.3
B lk 3.0 6 ,1
3/9 B lk 6 .0 22.2
1/2 B lk 10.0 27.0
1/9 H lk 7.0 19.9
1/2 B lk 15.0 13.8
9/5 B lk 5.0 10.2
B lk 5.0 10.2
1/2 B lk 7 .0 19.3
B lk 2 .5 13.2
1/2 B lk 3 .0 11.1
B lk -B ra 11.0 17.7
C la a r 10.0 37.0
f t  lb / in 2
-775.07
» u r fa c «  i t  ro u gh (R ), • o o th  ( S ) ,
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